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Fluke. First Family of DMMs. 

ELMEASCO 

When accuracy, performance and value 
are important, professionals the world over 
look to Fluke — the first family of DMMs. 

Reliable Fluke-quality 31/2- or 41/2-digit 
DMMs fit every need — from design en-
gineering to industrial troubleshooting. 

There's the low-cost 70 Series — the 
most DMM you can get for the money. The 
tough 20 Series — totally sealed and built 
to survive the dirtiest, grimiest, roughest 
jobs. The reliable 8020B Series — made 
to withstand the rigors of the field service 
environment. The precise 8060A Series — 
the most powerful and complete test and 
measurement system available in a hand-
held package. And, of course, the versatile 
Bench/Portables that carry on the Fluke 
tradition for precision and durability in 
lab-quality bench instruments. 

Fluke comes in first again with the 
worid's largest selection of quality ac-
cessories to help extend the capabilities of 
your DMM even further. 

There's no need to look anywhere else. 
Uncompromising Fluke design and lead-
ing edge technology are the reasons why 
attempts at imitation will never fool the 
millions of professionals that accept noth-
ing less than a Fluke. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 

Instruments Pty. Ltd. 
Talk to your local Elmeasco citstnbutor about Fluke 

• A.D.T.  John Pope Electncal (062) 80 6576 • J Blackwood & Sons (062) 80 5235 • George Brown (062) 80 4355 
• N.S.W Ames Agency 699 4524 • J Blackwood & Sons • George Brown 519 5855 Newcastle 69 6399 • Bryan Can Industnes 526 2222 
• D G E Systems (049)69 1625 • W.F.Dixon (049) 69 5177 • Ebson 707 2111 • Macelee (042) 29 1455 
• Novacastnan Electronic Supply (049) 62 1358 • °bat Pty Ltd 698 4776 • Petro-Ject 569 9655 • David Reid 267 1385 • Selectroparts 708 3244 
• Geoff Wood 427 1676 
•.N.TERRITORY  J Blackwood & Son (089) 84 4255, 52 1788 • Thew & McCann (089) 84 4999 
• QUEENSLAND Austec (07) 854 1661 • Petro-Ject (075) 91 4199 • St Lucia Electronics 52 7466 • Cliff Electronics 341 4655 
• L. E Boughen 369 1277 • Fred Hoe & Sons 277 4311 • The Electrones Shop (075) 32 3632 • Thompson Instruments (Cairns) (070)51 2404 
• &AUSTRALIA Protronics 212 3111 • Trio Electnx 212 6235 • Industrial Pyrometers 352 3688 • J Blackwood & Sons 46 0391 
. Petro-Ject 363 1353 
• TASMANIA George Harvey (003) 31 6533 (002) 34 2233 
•  VICTORIA Radio Pans 329 7888 • George Brown Electronics Group 878 8111 • GB. Telespares 328 4301 • A W M Electncal Wholesalers 
• Petro-Ject 419 9377 • J Blackwood & Sons 542 4321 • R K.B. Agency 29 7336 • Sirs Sales (052) 78 1251 • Meldrones Co 690 4593 
• Truscott Electronics 723 3094 
• W AUSTRALIA Atkins Carlyle 481 1233 • Dobble Instruments 276 8888 • Protrones 362 1044 



AUSTRALIAN MADE 

ANOTHER EVENTFUL YEAR has passed! It's now three years since 1 set the wheels in motion 
to launch Australian Electronics Monthly, two and half years since our first issue appeared. 
We've overcome several hurdles since that time, especially during the past year when the 
issues were published late for some months. We now have the magazine back on time and our 
circulation's growing apace. We're very gratified to see such reader support! 
Over the past few months we have been planning features and projects for next year and 1 

can say we have some exciting things coming up! As is our philosophy, everything we do must 
be of a practical nature — articles and projects you can use, now and in the future. The success 
of this philosophy is borne out in the popularity and durability of a number of our feature pro-
jects — like the AEM3500 Listening Post, the AEM6000 Series hi-fi projects, the AEM4504 and 
4505 Speech Synthesizer projects and the 4600-series modems. We broke "new ground" with 
a couple of projects this year, such as the AEM3505 Satellite Data Decoder, and we'll continue 
this trend in the coming year, as well as continuing with projects in perennially popular areas 
of interest, particularly projects for newcomers. The "Novix" project we've already spoken 
about, and we're currently discussing a range of interesting project ideas with designers and 
suppliers. 

In features, we'll be looking at a whole range of areas, keeping you abreast of developments 
in the industry — particularly new products and new techniques, as well as updating you oh 
the "traditional" topics of interest. Reader reaction to our new "Semiconductor Scene" col-
umn has been gratifying — we'd like to hear more about what you'd like to see here. 
We look forward to an exciting year — bicentenary and all, in 1988! With that, all of us here at 

AEM wish you, too, an exciting and prosperous year. Best wishes for the season. 

Roger Harrison 
Editor 
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for example, constructing one or more units for use in performances commercial organisations should note that no project or pan 
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COVER 
Our Graphic Equalizer project 
features this month. Design 
Val Harrison. 

PROJECTS 
TO BUILD 

• 3 

AEM6507 One-Octave 
Equalizer 
  62 

Whether your application 
is in domestic sound 
equipment or professional 
sound reinforcement, this 
one-octave graphic 
equalizer will be ideal. 
Designed in a modular 
form, it is readily 
adaptable to existing 
equipment or new 
designs. 

AEM3015 HF Antenna 
Balun 

74 

This simple and 
economical balun is 
suitable for feeding all 
sorts of balanced HF 
antennas with unbalanced 
feedlines such as coax. It 
is ideal for use with the 
aem3014 Trap Dipole. 

AEM4509 Teleprinter 
Interface 

CIRCUITS & 
TECHNICAL 

Filter Design - without 
fears or tears, Part 3 
  26 

This month: Chebychev 
filters 

Semiconductor Scene 
  106 

News and notes on what's 
happening in 
semiconductors. 

ELEKTOR 
IN 
AEM 

Contents   33 

_J 

Infra-Red Transmitter - 
Receiver 

A complete long range 
communications project 

82 using Infra-Red energy. 

This clever combination of 
software and hardware 
allows a cheap solution to 
obtaining hard copy from 
your computer The C64 
software described has 
some great "bells and 
whistles" and the interface 
hardware is easily 
adaptable to a variety of 
computers and 
teleprinters. 

SSB Receiver 
  52 

A high performance single 
sideband receiver for the 
20 metre and 80 metre 
amateur bands. 

42 

The Birth of Satellite 
Communications 

38 

This article traces the 
development of satellite 
communications in the UK 
and details the changes 
seen at the Goonhilly 
Downs earth station since 
the time of Telstar 

PRACTICAL 
COMPUTING 

Teleprinter Interface with 
C64 software 

82 

If you would like hard 
copy, but can't afford a 
printer - this project allows 
the use of surplus 
teleprinter machines for a 
cheap alternative. The 
C64 software described 
has some very useful 
features and overcomes 
many teleprinter 
limitations. 

< Set parameters ]  
a) Commun i cat i ons Port 
b) Speed (Baud Rate) 
c) Parity 
d) Data Bits 
e) Stop Bits 
f ) Backspace 
g) Linefeed toggle 
h) Terminal Type 
i) Modem setup 
j) File transfer protocol 
k) Kermit parameters 
I) Screen dump file name 
n) Video mode and colors 
n) Miscellaneous 
s) Execute Script file 
w) unte new config file 

Dial Up 

Roy Hill concludes his 
discussion on public 
domain data comms 
software packages. 

SPECIAL OFFER 
  80 
Here's a very special offer 
on modem kits. 

100 
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COMMUNICATIONS CONSUMER 
SCENE ELECTRONICS 

Build a broadband balun 
for your HF antenna 
  74 

A simple balun that won't 
break the bank. Ideal for 
feeding balanced 
antennas, such as dipoles, 
with unbalanced lines, 
such as coax. 

The VK2AWI Packet 
Radio Bulletin Board 

70 

The story behind the 
packet radio bulletin board 
provided by the NSW 
Division of the Wireless 
Institute of Australia. 

FEATURE 

Dave Jeans' Guide to 
Marine Electronics - 
Part 2 
  10 

Dave Jeans concludes his 
rundown on the latest 
developments in marine 
electronics equipment. 

AEM Hi-Fi Review 

Bob Fitzell Reviews 
Kenwood's new LS 990 
AD loudspeakers - and 
comes up with a few 
surprises. 

18 

NEWS & 
GENERAL 

News Review 

Registry for ideas. 

Consumer Electronics 

New Sennheiser 
headphones. 

Professional Products 

New chart recorder 

Retail Roundup 

Plugpack enclosure. 

Bytewide 

Avtek's new modem. 

Spectrum 

Kenwood's latest Rx. 

Letters 

Literature Review 

7 

16 

24 

59 

78 

68 

102 

105 

The Last Laugh 
  114 

NOTES & ERRATA 
In " Practical Filter Design" last 
month, Figure 2.1 contains an 
error. The lower circuit shows a 
capacitor at the input marked as 
"L1". It should be an inductor. In 
our October issue. in " Prac-
ticalities", the joystick controller 
circuit was inadvertently omitted. It 
will be included with John East's 
concluding article. Part 6. 

NEXT 
MONTH! 

BUILD OUR MIDI-
COMPUTER INTERFACE 

With a Midi interface now pretty 
well "standard" on a whole vari-
ety of electronic musical equip-
ment, software control of a sys-
tem or setup using a personal 
computer is not only feasible, 
but offers heaps of advantages 
and opportunities for creative 
control. This project allows 
"getting it all together", is 
economical and simple to 
build. 

INDUCTORS — 
UNRAVELLING THE MYTHS 

Intimidated by inductors? No 
need. John Day gives a no-
nonsense rundown on coils 
and coil winding and 
associated RF components — 
ferrites and iron powder cores 
and coil assemblies. 

SOLAR CYCLE 22 
— ANOTHER BIG ONE? 

Last January, we published 
"Kiss Your Last Big Sunspot 
Maximum Goodbye". New 
research may fortunately prove 
that article's prediction wrong! 
With the minimum of Cycle 21 
passed us (September last 
year), it's apparent the current 
cycle is rising faster than 
expected — that's good news 
for amateurs and DXers! 

BUILD THE "PROFILE 4" 
4-WAY HI-FI LOUDSPEAKER 

Here's a superb four-way 
loudspeaker featuring top qual-
ity Dynaudio drivers that give 
low distortion and very wide 
dynamic range. The simple 
crossover preserves good 
phase response and transient 
performance. 

"STOP-MOTION" VIDEO: 
INSIDE NATIONAL'S M5 
CAMCORDER 

National's M5 camcorder offers 
a unique feature — "stop-
motion" recording. Malcolm 
Goldfinch takes us over the 
functions and features of this 
top- line machine. 

While these articles are cur-
rently being prepared for publi-
cation, unforeseen circum-
stances may affect the final con-
tents of the issue. 
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20 MHz 

including probes 

Beat that! 
If there's one thing we know about at Parameters, it's oscilloscopes. 
Over the last 25 years we've sold some of the best brands. In fact we've 
built our reputation and business on giving our customers the best 

Now we've put that experience and knowledge to work developing 
our own range of oscilloscopes. Why now? We saw many manufacturers 
moving away from what our customers were asking for. And prices were 
simply going through the roof. Instead of genuine performance 
improvements we were seeing gimmicks. In short, we just couldn't find 
the CROs our customers needed. So we searched the world and found 
the right company to make our own. 

The new Parameters oscilloscopes are designed to give you high 
performance and reliability at a realistic price. Everything that matters 
is built in - including the probes which the competition 'forgets'. The 
gimmicks have been left out And of course our famous ' no nonsense' 
twelve months warranty covers all models. 

The range includes three models that will cover the needs of most 
technicians and enthusiasts. 

5502 - Unbeatable value in a 
20MHz CRO 

• 20MHz dual trace 
• 1mV to 5V/div 
• Signal delay line 
• Channel 1 signal output 
• Variable hold- off 
• Sweep magnification 
• Trigger preset 
• Single sweep 
• 150mm rectangular CRT 
• Illuminated inner- face graticule 
• $795 including probes tax exempt 

5504 - 40MHz for a 20MHz price 

All the features of the 5502 with 40MHz 
bandwidth and delayed sweep. $1258 
including probes tax exempt 

6155 - Portable 15MHz 

Weighs just 4.5 kg and gives you a full 
featured 15MHz CRO you can take anywhere. 
Inbuilt rechargeable batteries give two 
hours of operation. $998 including probes 
tax exempt 

Prices are recommended only and don't include sales tax 

Call us now. 
Parameters Pty. Ltd. 
SYDNEY: 
Centrecourt 25-27 Paul Street North, North Ryde 2113 
Tel: (02) 888 8777 
Fax: (02) 887 1283 

MELBOURNE: 
1064 Centre Road, Oakleigh South 3167. 
Tel: (03) 575 0222 
Fax: ( 03) 579 0622 

PERTH: 
106 Howe Street Osborne Park 6017. 
Tel: (09) 242 2000 
Fax: (09) 242 2150 

PARAMETERSIM 

FARWAG I 7454 
PERFECTION IN MEASUREMENT 



Register your 
good ideas 
Have you ever had a really good idea for something and 

then wondered how to promote or protect it? You could 
always patent it, but that can be expensive and time consum-
ing. Now there is an alternative. You can register your idea, 
invention or creative works with "The Ideas Registry". 

The Ideas Registry is an 
organisation dedicated to help-
ing clients speedily realise the 
maximum potential on their 
ideas. Ideas which are regis-
tered are kept secret in such a 
manner that not even the trus-
tees have any idea of the con-
tents of your "security 
envelope". 
The envelopes have a 

recorded date and should it 
become necessary to prove the 
date of your idea in a Court of 
Law, professionally qualified 
witnesses are available to prove 
the relevant date. 
The major difference bet-

ween the Ideas Registry and a 
normal patent is that, should 
you desire, the Ideas Registry 
will promote and market your 
ideas or inventions. Your gems 
of wisdom can be promoted 
both locally and worldwide on 
the payment of a fee. Should 
nobody decide to buy your idea 
or invention, the fee will be 
refunded. 
The fees are quite reasonable. 

especially when compared to 
the cost of taking out a full 
patent. Full details of the ser-
vices available, together with 
the applicable charges, can be 
obtained from: The Ideas Regis-
try, Locked Bag 1, Mortdale 
2223 NSW. (02)579 3010. 

Now isn't that a good idea! 

Australia's largest 
technology event 
for Sydney 

Australian Exhibition Ser-
.vices Pty Ltd will be staging 

the first major trade show in 
Australia's new 25 000 square 
metre, purpose built Sydney 
Exhibition Centre, in February. 
PC88, Office Technology 88 

and Communications 88 is 
expected to attract bigger 
crowds than ever before when it 
opens on February 7th. The 
exhibition will run for four 
days, from Sunday to Wednes-
day and will be a major event 

during Australia's bicentennial 
year. 
The tenth Australian Personal 

Computer Show, PC88, will fea-
ture. The PCshow is held in Syd-
ney and Melbourne each year 
and is the largest and most com-
prehensive exhibition of per-
sonal computers in Australia 
today. 

International exhibitors in 
Sydney will include groups 
from the UK, Singapore, Taiwan 
and companies from Hong Kong 
and West Germany. Major com-
panies to be represented 
include IBM, Epson. Mitsubishi 
Electric AWA, lmagineering, 
Commodore. Sharp. Roneo 
Alcatel, Harris Lanier and Tele-
com. 

For further information on the 
exhibitions, contact: Australian 
Exhibition Services Pty Ltd, 424 
St Kilda Road, Melbourne 3004 
Vic. (03)2674500. 

Theft from 
Dex Audio 

orne time between the even-
8.3 ing of Sunday 20th and the 
morning of Monday 21st Sep-
tember, the premises of Dex 
Audio in Melbourne were bro-
ken into and a substantial 
amount of professional audio 
equipment was stolen. 
Dex Audio estimate the value 

of the equipment stolen at 
around $30 000 and brand 
names taken include Yamaha. 
Sony, Akai, Denon. Nakamichi 
and Teac. Also stolen were two 
Dex 120 two-channel power 
amplifiers, one of which was a 
US model and is the only one of 
its type ever produced. 
Anyone who might hearor see 

anything about a quantity of pro-
fessional. studio-type audio 
equipment should contact Dex 
Audio at 97-91 Arden Street, 
North Melbourne 3051, Vic. 
Telephone (03)329 2877. Dex 
Audio can furnish a complete 
list of the stolen items including 
serial numbers and detailed 
descriptions. 

V • eitie 

Photovoltaics for 
telecomms 

The advantages of solar 
power in remote telecom-

munications applications are 
well known. Apart from reliabil-
ity, minimal maintenance and 
freedom from fuel supply, 
photovoltaics are environmen-
tally compatible from both a 
non-polluting viewpoint and 
electrically. As solar power gen-
eration is pure dc, there is no 
possibility that the power sys-
tem will interfere with transmis-
sion or reception. 
The wide selection of photo-

voltaic modules from Solarex 
allows design for nearly any 
application. For unusual 
requirements, such as the Ford 
Solar Powered Vehicle, Solarex 
is prepared to design and man-
ufacture to suit the need. 

Solarex can integrate photo-
voltaics with other energy 
sources in situations where the 
sources can complement each 
other, enhancing reliability or 
cost-effectiveness. For some 
installations, a PV system is 
retrofitted to an existing fuel 
generator system. In a typical 
hybrid application such as this, 
the load is supported by the PV 
system at all times except dur-
ing extended periods of reduced 
sunlight. 

Solarex system controllers 
select and activate the approp-
riate power source in these hyb-
rid systems, minimizing fuel 
use and maximizing system effi-
ciency. The controllers also have 
the capability of sending an 
alarm signal indicating a system 
fault, with sufficient warning to 
correct the problem before sys-
tem failure. 

For further information, con-
tact: Solarex Pty Ltd, PO Box 
204, Chester Hill 2162 NSW. 
(02)7274455. 

Two lobes are 
better than one! 

AT&T's newly proven digital 
microwave system outper-

forms conventional systems 
using two antennas by about 
500%. This is the claim of AT&T 
Bell Laboratories engineers who 
have completed trials in the hot, 
humid and flat Imperial Valley 
of Southern California. 
Engineer Ernie Lin says "the 

transmission of both voice and 
data is virtually error-free. If it 
works here in the valley, it will 
work anywhere. The test site is 
so awful, it's perfect." 
The experimental angle-

diversity system uses one 
ante-ma instead of two and the 
antenna tower is simple and 
easy to construct. This repre-
sents a substantial reduction in 
cost over conventional two 
antenna systems. says Adolf 
Giger, head of AT&T Bell Labs 
Protection and Maintenance 
Systems Department. 
The new antenna is a 

parabolic dish of the same 
diameter as existing antennae, 
but with a special design that 
has two radiation lobes instead 
of one. 
The new angle-diversity sys-

tem eliminates the performance 
impact of atmospheric fading 
for all practical purposes. Digi-
tal radio transmission also has 
the advantage of being 
extremely quiet, like optical 
fibre transmission. 
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NEWS REVIEW 

Changes for 1988 
Perth Electronics 
Show 

M ajor changes are underway 
tomake the Perth Elec-

tronics Show an even more 
effective voice for the Australian 
consumer electronics industry, 
we're told in a recent press 
release. 

These changes are in line with 
observations made overseas by 
show committee members Bob 
Rogers and Mike Goadby and 
show manager, Chris Gulland, 
who attended Europe's biggest 
electronics fair in Berlin in Sep-
tember. 

Mr Rogers said a number of 
ideas on changes to the Perth 
show had evolved from the trip 
to Berlin. "The most obvious of 
these was improving trade and 
industry commitment to 
Australia's premier show. 
Similarities were seen between 
Perth and the Berlin show, 
because of Berlin's isolation 
from the rest of Europe," Mr 
Rogers said. 

The Internationale Fun-
kausstallung Berlin (Audio and 
Video Fair) is highly promoted 
throughout Europe, with post-
ers at airports and in the streets. 

Shops in Berlin devote product 
windows to the exhibition using 
material supplied by the 
organisers. Rail and bus tour 
operators from surrounding 
cities offer Funkausstellung 
weekenders which include an 
overnight stay in an hotel and 
tickets to the show. 

According to Mr Rogers, simi-
lar arrangements in WA would 
prove very beneficial to both the 
exhibitors and the show. Multi-
ple media involvement, includ-
ing live broadcasts, competi-
tions, give-aways and general 
entertainment, were also seen to 
be a major drawcard. 

A number of other specific 
recommendations have been 
put forward for the 1988 Perth 
Electronics show and a full 
report of the West German trip 
was being circulated to Associa-
tion members. 

Aust. 
communications 
companies play a 
part in solar car 
race 

M ajor Victorian Codan deal-
ers, Telstat Communica-

tions of Melbourne and Trans-
aus Communications of Cob-

ram, successfully tendered for 
the total communications pac-
kage for the jointly sponsored 
entry by Hughes Aircraft Corpo-
ration and the Holden Motor 
Company in the Solar Powered 
Car Race from Darwin to 
Adelaide run last month. 

A brand new Jackaroo four-
wheel drive was supplied to 
Telstat and Transaus to follow 
the convoy of vehicles and pro-
vide communications over the 
whole course. 

The project involved the 
design of an HF radio system to 
give reliable coverage from Dar-
win to Adelaide, with the base 
station located in South Gipps-
land. It was planned to man the 
base station 24 hours a day from 
October 22 to November 15 
1987. A UHF system, complete 
with on-road mobile repeater, 
was also employed. 

All HF radio equipment was 
Codan with selective calling 
and scanning facilities. The 
antenna farm comprised ten 13 
metre towers supporting a 
number of tuned inverted-vee 
dipoles. The communications 
vehicles were provided with 
three Codan HF transceivers 
and antennas with tuned 
dipoles and hydraulic pump-up 
mast for night time camp opera-

tion. 
Road convoy communica-

tions used a mobile UHF repea-
ter. Ten Midland type 70-530C 
UHF transceivers were 
employed, all provided with 
repeater fail "talk-around" 
facilities. 
One Australian Pacific coach 

was used for the press gallery fit-
ted with Codan HF and UHF 
mobiles. One rig was interfaced 
to a weatherfax printout. 

Telstat and Transaus Com-
munications supplied technical 
backup by way of road techni-
cians to travel with the convoy, 
responsible for total radio opera-
tion for the complete challenge. 

7 out of 10 
MS people 
need your 

understanding 
...the 
other 3 

need your 
support. 

MS 

For more information 
about multiple sclerosis 
contact the MS Society 

in your state. 

SECOND BIRTHDAY CONTEST RESULTS 
Our second birthday contest, run over the July, August and Sep-
tember issues, certainly proved popular with readers. Judging the 
winner was a difficult task as all but two entrants got the three ques-
tions correct. 
We would like to thank all the entrants for their efforts, some of 

which were quite clever and amusing. There can, of course, only be 
one winner and we are pleased to announce that W. M. Schumaker 
of Hurstville, NSW will receive the prize of the Philips PM2618X/01 
digital multimeter. 

Congratulations Mr. Schumaker, we are sure that you will be 
delighted with the performance of your prize. 

The answers to the three questions were: 

01: A Philips PM3050 dual-trace oscilloscope was the prize offered 
by Philips Test & Measurement (Scientific & Industrial) for AEM's 1st 
Birthday Contest. 

02: The last paragraph of Alan Ford's review of the 18 series DMMs 
in AEM's February 1986 issue reads: "Whatever your choice, a 
Series 18 DMM will undoubtedly be a handsome and useful addition 
to your workshop." 

03: The numeric string " 166622800" is, of course, the toll-free 
number for Philips Scientific and Industrial in reverse. 

We asked entrants to tell us why they would like to own the prize 
and we felt that Mr. Schumaker's response summed up the useful-
ness of the PM2618X/01 DMM very nicely. He wrote " In my job ser-
vicing automatic parking equipment, I use a DMM, analogue mul-
timeter, frequency counter and a logic probe. The convenience of 
combining them would make my life much easier." 

We're sure it will Mr. Schumaker. This is just the sort of application 
that the Philips DMM has been designed for. 
We could not let this occasion pass without a few quick comments 

on some of the other entries. Michael Batty of St. Ives, NSW caused 
some mirth amongst the staff with his poetic entries. Michael's first 
entry, sung to the tune of " Commn thro' the Rye", reads: 

I've got a shoddy meter body, 
(it's so bad I cry), 
I need a Philips — Yes, 0 Loddy. 
Its a damn good buy. 

Michaels second entry was even funnier, unfortunately it made 
some rather derogatory remarks about another 
manufacturer's product so we can't print it here. 
Our sympathy goes out to L. Triplett of Nelson Bay. NSW, who 

writes: 

"My television doesn't work. My microwave oven is playing up. 
The multimeter is broken and I haven't got a logic probe. My wife is 
going crook. I need HELP!" 

BUTZER 
MODEMS 
LESS THAN ½ THE 

PRICE OF 
COMPETITIVE 
MODEMS 

set inc. 19 "S- registers: Call progress monitoring: Loop back for remote 

diagnostic: Internal speaker; 10 status and activity LEDs; Low power 

consumption 1.5 watts; Professional black anodised aluminium case. 

Bit Blitzer 12E. V21/V22 with all above specs. $349. ex. tax 

Both Telmorn Approved 

BI r BLITZER 123 - 1'21. V22, V23 
SYNCHRONOUS AND ASYNCHRONOUS C.VMMS 
BELL 212a ( 1200 bps) & 103 (300 bps) 

ONLY . m,. MIKE BOORNE 
$449 ex. tax M BE.% ELECTRONICS 

Auto-dial. tone or pulse: Auto-answer: Auto redial. Full Hayes AT command PTY. LTD. 
Suite 3. 61 A Hill St. 

Roseville 2069 NSW 
102146 3014.102146 3015 
Perth: 3 Topaz Gardens 

Edgewater 6027 WA 
109006 2056 
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008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS' 

Rod Irving Electronics 
The cheaper alternative, 

PANEL METERS 
GALORE! 
We have a great range of panel 
meters at great prices' 
CetRo Deecription Price 
010500 MU45 0-1mA 12 50 
010502 MU45 50-0/50u4 12 50 
010504 MU45 0-100uA 12 50 
010510 MU45 0•56 12 50 
010518 MU45 0-1A 12 50 
010520 MU45 0-1A 12 50 
010525 MU45 0-20V 12 50 
010630 MU52E 0-14 14 50 
010533 MU52E 0-5A 14 50 
010535 MU45 VU PMetre 14 95 
010538 MU65 0-50uA 16 95 
010540 MU65 0-1m4 16 95 
010550 MUSS 0-100uA 16 95 
010560 MUSS 0-200 16 95 

TEXTOOL SOCKETS 
P1701616 pin $14.50 
P17024 24 pm $14.50 

$19.50 
$22.50 

P17028 28 pin 

P17040 40 Pin 

UTILITY BOXES 
Plastic boxes mth aluminium tops 
and available in tour Sees Very 
popular for protects and very 
ecconornicatt 

Fl10101 150490/60mm 

H10102 195,013460mm 

H10103 130x68x41rnm 

H10105 83x54.28mm 

H10110 120465s38frun 

H10112 120x65x38mm 
IMetal too/ 

3.25 
$ 4.50 
$ 2.75 

1.95 
$ 2.95 

2.95 

1(8.W METAL 
INSTRUMENT CASES 

Used in many projects Mese cases 
have harnmerlone finish and are 
both versatile and ecconommal 
H10478 125 x 40 x 65rnm S 595 
H10479 150 x 55 c95rnm S 695 
H1(3480 100 x 92 x 130rwri S 895 
H10481 150 x 55 410Ornm 5 7.95 
H10482 200480x 130mm 5 9.95 
H10485 255 92 x 155mrn $14.95 
H104/37 255 x 165 a 155rim 516 95 
H10489 305 105 x 200mm $ 16 95 

RS232 WIRING 
ADAPTOR BOX 

• Male to female 
• 25 Detachable Plug on Wads 
• 2 mini Jumpers 
• Ideal for experimenting or 
temporary connections 

Cat X15665 Normally $49.95 

Only $44.95 

HEATS1NK COMPOUND 
Heat.* compound is applied tot 
base and mounting studs of 
transistors and diodes It maintains 
a positive heatsink seal that 
improves heat transfer from the 
device to the heatsink thus 
increasing overall efficiency 

Cat H11800 000/ $2.95 
Cat H11810 ( 15091 $17.50 

ARLEC "DISCO LITE" 
CONTROLLER 
Give your parties a professional 
touch with the arreo ' Dsco Lite 
Simply plug your light1S) into the 
' Disco Lité and you ve instant party 
hte) 
3 DIFFERENT MODES! 
Music Mode: Place the ' Disco Lite 
in range of the speakers and it 
flashes the lights to the beat of the 
music' 
Strobe Mode: Simply adjust to 
desired speed , Great for mime or 
theatre , The christmas season or 
advertising , 
Dins Mode: Allows you to dim the 
lights to create moods eft ects etc 

Cat M22003 $49.50 

OMNI-DIRECTIONAL 
WIRELESS MICROPHONE 
Tuneable) 92 104MHz 
Freg Response. 50 5kHz 
Range. Over 300 feet in open field 
Modulation: FM 
Power Source: 9V Battery 
Type Electret Condenser 
Dimensions: 185 x 27 it 38mrn 
Weight 160 grams 

Cat A10450 $19.95 

51/." DISK STORAGE 
Efficient and practical Protect your 
disks from being damaged or lost ) 
Features.. 
• 70 disk capacity 
• Smoked plastic cover 
• Lockable 12 keys supplied) 
• Dividers spacers 

Cat C16025 only $14.95 

HOOK UP WIRE 
Cat. No. Description 
W11251 13/ 12 TNOBLK 
W11252 13/ 12 TED BROWN 
W1125313/ 12 TLD ORANGE 
W11254 137 12 TLD YELLOW 
W1125513/ 12 TED GREEN 
W1125613/ 12 TED BLUE 
W11257 13/ 12 TED WHITE 
PRICES PER 100 METRE ROLL 

1-9 10. 

$5.95 $5.00 

W1126014 20 RED 
W11261 14 20 BLACK 
W11265 14 20 BLUE 
W1126814 20 WHITE 
PRICES PER 100 METRE ROLL 

1-9 10 

$12.00 $10.00 

W11270 24 20 RED 
W11272 24 20 BLACK 
W11274 24 20 GREEN 
PRICES PER 100 METRE ROLL 

1-9 10 

$14.00 $12.00 

W11280 32 BROWN 
W11282 32 1 BLUF 
PRICES PER 100 METRE ROLL 

1-9 10 

$20.00 $18.00 

"NO BRAND" DISKS!! 
Now you can buy absolute top quality 
disks that are also the cheapest in 
Australia ) They even come with a 
5 year guarantee' So why pay 
2-3 times the price for the same 
quality , 

Packs of 10 DS130 without boxes 
Or brand name rust their white paper 
jacket and index labels 
15 1 4 desks Includes *Me protects) 

51/4 - -NO BRAND- DISKS 
10. DISKS 100 • DISKS 1 000 • DISKS 

$10.. $9. $8.50-
ALL PRICES PER 10 DISKSI 

31/2 " "NO BRAND" DISKS! 
•o- DISKS ICXI • DISKS 1 coo- DISKS 

$29 $28 $27 50 
,ALL PRICES PER 10 DISKS/ 

Verbatim 

VERBATIM DISK 
SPECIALS! 

All prices 10 disk boxes' 

Description 1.9 '0 

31/2 " IS/3D  $47.50 $46.50 

31,2" 25120  $49.50 $48.50 

514" 1Sr2D  $24.95 $22.50 

51/4 " 213/3D  $29 95 $28.50 

51/4 " ISi4D  $75.00 $70.00 

51,4" 2S410  $44.95 $42.95 

SAMSUNG 12" 20MHz 
COMPOSITE MONITOR 

ONLY $149 
FEATURES... 
• High contrast non-glare screen 
• High resolution 80 or 40 character 

display 

SPECIFICATIONS.... 
Picture tube • 12 diagonal and 90" 

detection 
Phosphor: Available in Green I P39 

or Amber 
Video input signal: Composite 

Signal 
Polarity: Negative Sync 
Level: 0 5V-2 OVp•p 

Scanning frequency) 
Horizontal: 15 734 KHz • St', 
Vertical: 60Hz 

Video bandwidth: 20MHz 
Active display Cr... 
216(Hlx1601Vimm 

Display character: 
80 characters x 25 rows 

Input terminal: RCA Phono Jack 
Controls: 

Outside: Power Switch Contrast 
Brightness H•Shift. V- Size 
Inside: H- Width. HN hold 
H V linearity. Focus 

Power supply: 110,120V 60Hz 
220 240V 50Hz 

Dirnenelons) 
308(W) x 307(H) x 2g7lLlmm 

Weight: 7 3 Kg 
Shipping weight: 8 3 Kg 

Cat No Description Price 

X14514 (GREEN) $149 
X14516 (AMBER) $149 

.---11101"Zt 
SCOPE 60W SOLDERING 
SYSTEM 
• Infinitely adjustable temp 200 C to 
470 C Sliding control selects 
desired tip temperature ILED 
readout monitors tip temp ) 
• Safety holder features ceramic 
bum-proof bush and can be 
converted to lefl-hand-stde 
• Soft and cool hand grip in pliable 
rubber 
• Screw type connector prevents 

accidental plug removal and 
guarantees solid contacts 
• Temperature lock allows 
production supervisors to control 
soldering temperatures 
• Anti seize tip retention design 
reduces risk of thread seizure by 
rernowng locking nut to cooler end of 
barrel 
• Optional 30W soldering pencil is 
available for finer work 

Cat T12900 Normally $229 

SPECIAL, $199 

I 
/Welk 

Oore,PER Flo-, 
r ", 33s 7s 7 "NE to,- 9-1 Fne 

S ale " 

VIFKAEM 
2 WAY SPEAKER KIT! 

This excrting new speaker kit. 
designed by David Tillbrook fa 
name synonymous with brilliant 
design and performance) uses 
VIFA's high perfomance drivers 
from Denmark You will save 
around 6800 when you hear what 
you get from this system when 
compared to something you buy 
off the shelf with similar 
characteristics Call in personally 
and compare for yourself! 

The system comprises. 
2v P21 Polycone 8 woofers 
2 • D257 Ferrotluid cooled dome 
tweeters with Polymer diaphrams 
2 pre- built quality crossovers 

The cabinet kit consists of 2 knock 
0Own Cores in beautiful black grain 
look vnth silver baffles speaker 
cloth rnnerbonct grill clips speaker 
terminals screws and ports 

D257 SPEAKER SPECIFICATIONS 
Nominal Impedance: 6 ohms 
Frequency Range: 2 24k1-1, 
Free Air Resonance:1500Hz 
Opereting Power: 3 2 wens 
Sensitivity ( 1W at lilt): 90013 
Nominal Power. 90 Watts 
Voice Coil Diameter: 25min 
Air Gap Height: 2mrn 
Voice Coll Resistance: 4 7ohms 
Moving Mass: 03 grams 
Weight 0.53kg 

P21 WOOFER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range: 26 4 000Hz 
Free Air Resonance) 33Hz 
Operating Power: 2 5 watts 
Sensitivity (1W at 1m): 92dB 
Nominal Power: 60 Watts 
Voice Coll Diameter' 4Ornm 
Voice Coll Resistance: 5 8ohrns 

eiveiir7etiMs:ri sre're="r0 Orn 24 

Oe 041 
cx 035 
Vas 80 1 

Weight: 165kg 

Complete Kit Cal 1(16020 $799 
Speaker Kit Cat K16021 $649 
Cabinet Kit Cal K16022 $209 

SEMICONDUCTORS! 
Always check our prices 

before you buy! 

1 4). 100 • 

M0232 . $11.50 $ 10.50 

V-20 8MHz 519 95 $ 17.95 

V-30   $39.95 $34.95 

TEA2000 $ 11 95 51095 59 95 

ZN429   $9.95 $8.95 57 95 

ZNA234  $39 50 537.50 $36.50 

SAB6456  P.0 A. 

2114   $2.95 $2.75 $2.50 

2716   $9.95 $9.50 $8.95 

2732 .   58.95 18.50 $7 95 

2764 5795 57 50 56 95 

27128 59.95 $8.95 57 95 

27256   $11.50 $ 10.50 $ 10.00 

27512 . $ 19.50 $18.50 $ 17.50 

4116   $3.95 53.50 $2.95 

4164   $3.95 52 95 $2.75 

41256   $7.95 $6.95 $5.95 

555 8 pin 50.50 50 40 $0.35 

6116  53 95 53 75 53.50 

6264  57 95 $695 $6.50 

6802  $600 54.00 53.75 

6821 52 00 51 80 $1.70 

6845 55.00 $4.00 53.75 

7406 50 .40 $0.30 S0.25 

INS8250 529.95 527.95 

NE5534AN SI 95 $1.85 $ 1.75 

AM•EF7910 519 95 $18.95 

MEL9501 $29.95 527.95 

SC141D 51 75 51.50 

SC151D 52 50 $2.25 

555 50.40 $0.38 

741 SO 50 $0.45 

8087 
Genuine Intel chips with manual 
and data sheets packed in boxes' 

8087-3 77MHzI $269 
8087-2 8MHz I $385 
8087-1 'OMHzi $585 
80287-6 r6MHzi 5475 
80287-7 EiMi-iz) $679 

CODE KEY PAD 
• Telephone type digital keypad 
• Four digit changeable code 
• Over 5000 possible combinations 
• Power consumption 5mA standby 

• 5°T2 seAatel ED and 1 arm LED 
• Wrong number lockout 
• RI 2eVDCouoiperation 
a lay put  
• Panic button 
• Normally open tamper switch 
• Dimensions 145 x 100 x 37rnm 
• ACP3 compatible 

Cal A R.R.P. $79.95 

SPECIAL, ONLY $69.95 

ULTRASONIC 
TRANSDUCERS 
Designed to transmit at 40kHz 
1E 19990) and receive at 40kHz 
IL19991) with up to 20V TP on the 
transmitter These units can t be 
heard and so are ideal for TV remote 
controls water level detectors 
burgalar alarms motion detectors 
and information carriers as they can 
be either pulsed or used in the 
continuous wave mode 
Full specifications below for design 
purposes 
Maximum Input Voltage: 20V rrns 
Centre Frequency ( kHz): 40 • 10 
Sound Pressure Level 109 RMS. 

I DOB min 
Sensitivity (dB/viuber) min.: 

65 min 
Bandwidth (kHz): 

Transmit 40 at 100dB) 

Receiver 50 ( at 73013) 

Imrenc:•500 
Receiver 5000 

Cat L19990 ( Transmitter) $4.75 
Cat L19991 ( Receiver) $4.75 

ECONOMY 
TRANSFORMERS 

1-9 10 • 
2155 2400 6-15V IA 
Cat M12155 $9.95 $8.95 

2156 240V 6-150 26 
Cat M12156 $14.95 $ 13.95 

2840 240V 90 CT 
Cat M12840 $5.95 $4.95 

2851 240V 12-6V CT 150mA 
Cal M12851 $5.95 $5.50 

2860 240V 15V CT 25OrnA 
Cat M12860 $5.95 $4.95 

6672 2400 15-30V IA tapped 
Cat M16672 $14.95 $13.95 

PC BOARD HOLDER 
Better than an extra pair of hands ) 
A must for all PCB work 

Cat T12444 $9.95 

Rod Irving Electronics 
48 & Beckett St. MELBOURNE 
Phone (03) 663 6151 

425 High St. NORTHCOTE 
Phone (03) 489 8866 

Mail Order and Correspondence 
P 0 Box 620. CLAYTON 3168 

Telex AA 151938 
Fax ( 03) 543 2648 

MAIL ORDER HOTLINE 
008 335757 
(TOLL FREE( 

'STRICTLY ORDERS ONL Y 

LOCAL ORDERS 
IL INQUIRIES 
(03) 543 7877 

POSTAGE RATES 
S1 S9 99 S2 00 
St 0 524 99 53 00 
525 $49 99 54 00 
$50 $99 99 55 00 
$100 $199 $7 50 
$200 $499 $10 00 
$500 plus $12 50 

The above postage rates are for 
basic postage only Road Freight 
bulky and fragile items will be 
charged at different rates 

All sales tex exempt orders and 
wholesale inquires to 
RITRONICS WHOLESALE 
56 % over Rd. Clayton 
Ph (03)543 2166 (3 lines) 

Errors and omissions ercepted 

ere. PC• •7 • •iyipsieuy, 
Pactipnweiy kkerry•torwibuk,ilet.. 
1.4•C•ne, 

LI VISA 

008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS' LOCAL ORDERS & INQUIRIES CALL ( 03) 543 7877 



Guide to Marine Electronics 

More pleasure, 
improved safety with 
marine electronics 
Marine electronics has expanded 
enormously in the past 12 months. Now 
there's so much more equipment available 
to make leisure boating - be it power or sail 
- safer and more enjoyable. Dave Jeans 
continues his authoritative guide to marine 
electronics. 

IN THE FIRST instalment, we only had sufficient room to 
cover navigation equipment. In this instalment we continue 
with communications, performance equipment and enter-
tainment. 

Marine communications 
In Australian waters marine communications can take place 
in three separate services: 

• 27 MHz marine band using AM and SSB modes. 
• VHF band (156 — 165 MHz) using FM mode. 
• MF/HF bands (2 — 23 MHz) using SSB mode. 

In addition, survival radio beacons operate on the following 
spot frequencies; 121, 243 and 406 MHz. 

Communications Equipment 
27 MHz MARINE SERVICE 

Tagged with the rather grand title of Inshore Boating 
Radiocommunications Service (IBRS). "27 Meg Marine," as 
it is more commonly known, is the largest and most success-
ful two-way radio service in Australia. Spurned by many 
large vessel owners as a toy, the facilities offered by 27 MHz 
marine operation are quite staggering. Tens of thousands of 
small craft owners are active on 27 MHz at weekends, com-
municating via hundreds of base stations strung along our 
coastline. 

Key to success 
The key to the success of the IBRS is twofold — low cost equip-
ment, and a minimum of licencing requirements. Developed 
from car type CB sets, and thus taking advantage of the low 
cost of mass produced goods, the allocated band comprises 
ten channels, from 27.68 to 27.96 MHz. AM type modulation 
is mostly used, with a sprinkling of stations persevering with 
SSB on upper sideband. 
Such is the value of operation on 27 MHz that Police ves-

sels, civilian SAR helicopters and all inshore rescue services 
use this band. There is more information available on 27 MHz 
marine channels about weather and safety matters than on all 
of the other marine bands combined. 

Part 2 Dave Jeans 

One of the great codes of the sea is being able to help 
another vessel in difficulties. Fitting 27 MHz in your boat 
may allow you to more readily assist a vessel in distress, sim-
ply by having the ability to communicate directly. 

True marine sets from CBs 
Although adapted from CB sets, manufacturers have gradu-
ally developed true marine radios for the IBRS. Although the 
Department of Transport and Communications require the 
set to be licenced and of an approved type, no operator certifi-

WEATHERFAX 
The onboard reception of weather maps brings together data trans-
mission by radio, microprocessor decoding and facsimile printing. 
Welding these diverse techniques into one small cabinet, complete 
with radio receiver, has produced a panacea for many a professional 
mariner. 

Although the pleasure craft demand for such exotic equipment is 
limited, world-wide there has been sufficient impetus to bring sev-
eral brands onto the market. 
Tasmanian Tom Moffat recently launched his "NaviMate" weather-

fax unit comprising a small Z80 computer microprocessor, a perma-
nently programmed EPROM and a small Brother thermal printer, all 
running from 12 Vdc. The NaviMate requires only to be connected 
into a stable radio receiver to produce instant weather charts. 
A weatherfax chart provides several advantages over conven-
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This three channel 27 
MHz marine handheld 
transceiver from Dick 
Smith Electronics is 
simple to use, fully 
approved and comes 
with one channel fitted 
for $129. Cat. No. D-1106. 

cate is needed. The most common installation operates from 
12 volts, but several excellent handheld models are available. 
Typical across the water communications range between 5 

watt AM sets using quarter wave antennas is 40 nautical 
miles. Handheld sets provide upwards of 20 nm range if the 
antenna is deployed properly. A good quality 12 volt AM set 
costs from $150-200, with swing-down antennas at around 
$60. 

Communications Equipment 
MARINE VHF TRANSCEIVERS 

Operating on any of the 55 marine VHF band channels brings 
you into the international realm of "Public Correspondence." 
As a result, the operator must hold at least a Restricted 
Radiotelephone Operators Certificate, and of course the set 
must be licenced and an approved type. DOTC allow a com-
bined ship station licence, whereby the 27 MHz, VHF and HF 
equipment on your boat is covered for one fee. 

12 12 JUL 86 
SFC TROP PRES/W1ND FINAL 

tional forecasts received by radio or TV. The weatherfax machine 
can operate unattended. It can receive continually updated charts 
from which weather trends can be deduced, and those charts are 
more up-to-date than the forecasts transmitted over conventional 
radio and TV. 

In addition, charts of ocean currents are also available. Transmis-

Traffic control and correspondence 
All merchant ships carry VHF and the service provides the 
equivalent of air traffic control, in the way of harbour and 
coastal traffic control. OTC Coast Radio Stations provide 
repeater stations near major ports to extend,the range of VHF, 
from a ship-to-ship range of about 20 nm to upwards of 100 
nm off a shoreline with high terrain. 

Public Correspondence is available in the form of spoken 
telegrams, through OTC Coast Stations, together with the 
facility of being patched into the Telecom network for direct 
communications with any telephone subscriber, world-
wide. This service is referred to as "SeaPhone." 

Approval 
Marine VHF sets must be DOTC approved. However, this 
requirement is easily met by most imported brands. Power 
output is 25 watts, with selectable low power of one watt for 
harbour working. Antennas are generally small quarter wave 
elements or coaxial dipoles. 
Many handheld models are available, the latest models 

featuring full 55 channel coverage, at 2 W RF output. 12 volt 
VHF transceivers cost from $400 up to around $1000, with 
handheld sets selling for about $500. r> 

This 55 channel VHF transceiver from 
Dick Smiths is typical of many units. It 
features an emergency channel 
selector and provides SeaPhone 
access and costs $469. Cat. No. D-
1400. 

sions are free of charge to all, and the coverage from AXM in Can-
berra is excellent. Listen out on 5100 kHz anytime to confirm this 
point. 
On the other hand, conventionally transmitted forecasts are the 

result of professional deduction, whereas the weatherfax chart 
relies on the yachtsman giving it a correct interpretation. 
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Guide to Marine Electronics 

Communications Equipment 
MF/HF SSB TRANSCEIVERS 

The history of HF/SSB radio in Australia has been a dreary 
one of high price and limited channel capacity, up until 
recently. Suddenly a metamorphosis occurred. Where the 
average set had provided from six to twelve crystal-locked 
channels (a frustrating limitation for boat owners, particu-
larly those cruising overseas), overnight DOTC approved the 
ICOM 48 channel (synthesized) transceiver. Actually ICOM 
had to persevere for almost 18 months with their application 
for approval, but their persistence won. 

Started a rush 
A few months later, local manufacturer Wagner Industries 
gained approval (after minor modification) for an imported 
+USA transceiver, the Stevens 222. This set features 390 
channels, 100 of which can be factory tuned to any 
authorised user frequency (such as the ham bands). The 
software aspect of this set is remarkable. 
The whole business was then capped by another local 

manufacturer, Codan in Adelaide, who released their excel-
lent 99 channel model 8525-S transceiver. The startling thing 
about all of these sets was that they came with automatic 
antenna tuners of a most sophisticated type. 
Not to be outdone, Wagner released a prototype of their 

new locally built synthesized marine transceiver at the 
recent Sydney Boat Show. The frustrating aspect of this scene 
is that the technology has been around for years, whereby 
boat owners could have enjoyed the added safety and service 
of these latest sets. It took ICOM to set the pace and open the 
floodgates. 

The bands 

The marine MF/HF spectrum is divided into several bands, 
from 2 MHz through to 23 MHz. Most small craft utilise the 2 
— 4 and 6 MHz radiotelephone bands, and it is on these fre-
quencies that routine weather forecasts and navigation warn-
ings are broadcast, by OTC Coast Radio Stations, and by 
limited coast stations such as Penta Comstat, located near 
Gosford, NSW. 

Here is a fully synthesized HF marine transceiver from the 
local firm, Wagner. Like all synthesized units, it is simple to 
operate, requires no tuning and sports pushbutton channel 
selection. 

Local manufacturer Codan were quick to offer this 99 channel 
HF transceiver, Model 852-S, once the DOTC approved 
synthesized equipment. 

Because of the low frequencies used on MF and HF, the 
antenna is often a compromise, heavily loaded with lumped 
inductance by the antenna tuner. Non-metal hulled vessels 
have difficulty providing an effective earthing system. 
Nonetheless, communications over distances up to 1000 nm 
are routine between small craft and shore stations. 

Crystal-locked transceivers providing 10 to 12 channels are 
still available from about $2000 including antenna tuner. 
Synthesized transceivers such as the Codan 8525-S sell for 
$2610 plus the manual antenna tuner at $638 or the auto 
tuner at $1874, all including sales tax. Most sets run 100 to 
150 watts PEP output, and operate from 12 or 24 volts dc. 

Communications Equipment 
SURVIVAL RADIO BEACONS 

Emergency Position Indicating Radio Beacons (EPIRBs) were 
developed in the early 60s for aircraft rescue, but have found 
acceptance in small craft over the past five years. These 
(lithium) battery powered devices will transmit an easily rec-
ognised swept tone signal simultaneously on 121.5 and 243 
MHz, once they are deployed, either on deck or floating in 
the water. 
The frequencies listed above are continuously monitored 

by all civil aircraft (121.5 MHz) on overwater flights, and by 
military aircraft on the second harmonic, 243 MHz. Power 
output of the beacons is about one watt with a transmit dura-
tion of from 48 to 96 hours, depending on battery type. 

Search and rescue 
Any aircraft hearing an EPIRB signal immediately notifies air 
traffic control, indicating time of first and last reception, and 
signal strength. This information enables the Search and 
Rescue Centre to estimate the general position of the beacon. 

Aircraft fitted with search meters and/or VHF/DF can then 
set out for the area to pinpoint the EPIRB location. The search 
meter comprises a milliammeter with adjustable sensitivity 
control, and is plugged into the VHF receiver, bypassing the 
automatic volume control (AVC). The aircraft flies a search 
pattern once the beacon is heard, and can generally resolve 
the location to within 5 nm. If survivors can use visual sig-
nals this can assist in detection. 
The EPIRB's described above sell for about $170, weigh less 

than 1 kg and most have a storage life onboard of at least two 
years. 

Satellite search and rescue 
A recent innovation is an EPIRB which transmits on 121.5 
MHz and also on 406 MHz. This latter signal can be received 
by SARSAT satellites, whereupon the beacon position can be 
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established to 1 nm within a few minutes of reception. The 
cost of these new devices is well over $3000 but this is 
expected to tumble once manufacturing competition hots 
up. 

Performance Equipment 

Years ago the ocean yachtsman sat down before departure 
and plotted the track to destination on a chart. The forecast 
wind speed and direction was then drawn in for the first leg 
of the voyage. Connecting the wind segment to the first turn-
ing point gave the course to steer, and the distance to travel. 
When yachtsmen started seriously racing each other 

around the buoys, course information needed to be updated 
at frequent intervals. Chart plotting was too slow. Flukey 
winds meant constant steering changes were needed to give 
the best speed through the water. Accurate chart work under 
these conditions was well nigh impossible, yet spot-on navi-
gation helped to win races. 
Wind speed and direction sensors were then fitted to the 

masthead, with indicators installed at the chart table and on 
deck. The helmsman could now act on wind changes more 
rapidly, squeezing out the extra speed that wins races. 
Masthead sensors however, indicated 'apparent' wind 

speed and direction, the result of the boat's movement acting 
upon the true wind. New electronic instruments soon 
appeared which applied the boat's speed through the water, 
together with the magnetic heading, to the apparent wind 
vector. The readout from these instruments was the true wind 
speed and direction, vital data when planning sail changes 
for the next leg. 

This 'true' data also enabled the navigator to update his 
chart plot more rapidly, and to advise the skipper when to 
tack, hopefully assisting the boat to travel at the fastest speed 
over the shortest possible distance of the course. 

The boat speed sensor 
The vital performance data came from a variety of sensors. 
Boat speed was provided by a tiny paddle wheel extending 
through the hull, and spun by the water flow. Because this 
type of device was activated mainly by water being partially 
dragged along with the boat (the boundary layer), errors 
could be gross and non-linear. Calibration was lengthy and 
difficult, and the paddle wheel was often fouled by weed and 
marine growth. 

The Brookes and Gatehouse boat speed sensor system. 

A/ 
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The English company Brookes and Gatehouse solved the 
water speed sensor problem in an elegant manner. Their 
'Sonic Speed' system comprises two ultra-sonic sensors, 
installed flush in the hull surface, underwater along the fore 
and aft axis, and separated by about one metre, see sketch. 

Pulses of sound energy (at approx. 400 kHz) are transmit-
ted through the water between the sensors, in either direc-
tion. Those pulses propagating with the water flow travel fas-
ter than the pulses moving against the flow. A simple algeb-
raic calculation from the time difference gives the speed of 
the water flow along the hull, which in effect is the boat 
speed through the water. 
This system is unaffected by water salinity, debris, water 

temperature or aeration. Minute changes in boat movement 
can be displayed down to 0.1 knot. Accuracy is 1% or better. 

The course indicator 
The traditional direction indicator is the magnetic compass, 
still unexcelled for low cost and reliability. Remoting the 
compass bearing was first achieved by fitting a magnetic sen-
sor over the face plate of the compass. This sensor comprised 
a coil which picked up the magnetic field of the compass nee-
dle and relayed positional information to other electronic cir-
cuitry such as true wind indicators and auto pilots. 
However, owing to the excessive errors of this system 

caused by heeling and by rough weather, the aviator's flux-
gate compass was adapted for marine use. This device uses 
two parallel sensing coils wound in opposite directions and 
fed with an AC voltage. When aligned with the earth's magne-
tic field both coils are equally affected. If moved from this 
alignment an error voltage develops, proportional to the 
movement. This error voltage is amplified for use by equip-
ment requiring directional data. 

Fluxgate compasses can be insulated from most of the 
effects of heeling and rough weather by oil bath mounts and 
sophisticated gimbals. Circuitry has been developed which 
allows the compass to self adjust for deviation error, and in 
some brands magnetic variation can be fed in, to provide true 
heading. t> 
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Guide to Marine Electronics 

Masthead units 
The friction-free techniques offered by opto-electronics and 
by Hall Effect transistors have been incorporated into mast 
head anemometers and wind direction vanes. All effort is 
made to ensure freedom from mechanical lag, together with 
water proofing of seals. Construction is from lightweight, 
fatigue resisting materials. 

Despite all of these precautions, the sensors must still be 
fitted in a location affected to some extent by wind sheer 
caused by the movement of air around the mast. These 
errors can be estimated and used for calibration, together 
with other errors produced by mast twisting, and by the 
anemometer and wind vane laying at an angle to the wind as 
the boat heels. 

Bringing it all together 
The large mass of performance data available in modern 
yachts, and the rapidity in which it is updated, is beyond the 
ability of the human navigator to fully utilise. If a boat has 
been worked up carefully, a mass of calibration corrections 
must also be applied to the data. 
This is a situation perfectly suited for the micro-processor, 

and these devices have been incorporated in many different 
brands of yacht instrumentation. For example, the British 
made Scorpio yacht performance system will display:-
Time; GMT or Local. 
Timer Stopwatch; count-up or count-down. 
Heading. 
Tack course. 
Apparent wind speed, angle or direction. 
True wind speed, angle or direction. 
Depth; metres, feet or fathoms. 
Boat speed in knots, mph, m/s or km/h. 
Amplified speed relative to target speed. 
Amplified speed zeroed on current speed. 
Log or historic log. 
Trip log, counting up or down to zero. 
VMG (velocity made good) to one or two decimals. 

In addition, the equipment will provide alarms for:-
Time; local or GMT. 
Upper or lower True wind speed. 
Port or stbd true wind direction change. 
Heading, upper and lower value. 
Depth, upper and lower value. 
Boat speed, upper and lower value. 
Battery voltage, high or low. 
Trip log, various settings ahead. 

One vital factor in navigation is speed and direction over 
the ground, from which set and drift due to tide and current 
can be calculated. The micro-processor can easily digest 
inputs from SatNav, Loran or other position fixing devices, to 
provide this information. This is a two-way street, with speed 
and course data being fed back to the SatNav to enable it to 
DR fix between satellite passes. 
Of course, yacht instrumentation did not appear overnight 

as completely engineered systems. It grew like Topsy, as new 
techniques were mastered. Manufacturers were aware though 
of a need to integrate the many pieces making up a system, to 
provide true compatibility, and to avoid a " rat's nest" of wir-
ing. 
A system of data interchange was agreed upon, whereby 

information could be exchanged between segments of a sys-
tem, with the microprocessor acting as ' mother'. The US 
National Marine Electronics Association (NMEA) laid down 
a formatting protocol for transmitting data, known as the 
NMEA 0183 standard. Yacht systems could also have RS232C 
ports allowing interaction with external computers. 
NMEA compatible equipment can be connected together 

by a single cable, in any order, with new items simply plug-
ged into the nearest existing piece in the boat. Datamarine 
use a coaxial cable in their ' Link' system, with 12 volt dc and 
0183 coded data both handled in the same conductor. The 
'Link' equipment, though primarily developed for sailing 
craft, is available in modified form to suit power boat opera-
tion. 
The interesting VDO NavPac yacht instrumentation system 

(illustrated on page 13 of the last issue) uses a single five-con-
ductor shielded cable for interconnection, together with a 
simple mating rack into which the components plug together 
like Lego pieces. 

For your amusement 
Getting away from it all on your boat need not mean total iso-
lation. Some of the great pleasures of our civilisation, such as 
good music and a good movie, can be savoured, perhaps 
more so in the peace and quiet of a sheltered cove. Even lis-
tening to the radio takes on a new perspective when you are 
able to give it your full attention. Bringing aboard some of the 
diversions of our urban lifestyle can add to your enjoyment 
afloat. 

Entertainment Equipment 
VIDEO 

Most pleasure craft have a 12 volt dc system only, which 
means that any video equipment must operate from that 
power source, or from self contained batteries. The Sony 
company market a range of video products that will operate 
from both of those power sources. 
The Sony EVM-9010 colour video monitor can operate 

from either a 12 Vdc source, or from its own Nicad battery 

Sony seems to be the only supplier of a 12 Vdc operated 
colour video monitor. This is their EVM-9010, a 9" (230 mm) 
screen unit with integral 8 mm video cassette playback unit. 
Sony's HandyCam video camcorder with a " Sports Pack" or 
"Marine Pack" is ideal for the boating enthusiast keen on 
recording boating activities. 
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pack. It also works from 240 volts ac house power. The EVM-
9010 has a high resolution 9" screen, ideal for viewing in the 
confines of a small boat, plus an integral 8 mm video ("Video 
8") playback deck built into the cabinet top. The Video 8 cas-
sette is approximately the same size as a regular audio cas-
sette, but with wider tape ( 8 mm). The helical recording sys-
tem features a flying erase head, giving superb edits with sta-
ble colour. The rotating audio head provides high quality FM 
sound. Recently, Sony commenced marketing a library of top 
rated video movies in the 8 mm format. This means you can 
take video movies onboard for playback during the leisure 
evening hours. 
Daytime activity on the water has not been forgotten. The 

Sony Video 8 HandyCam camera can be used to capture the 
days activities, for playback at any time through the EVM-
9010. To ensure trouble free operation in boating activities, 
the HandyCam comes with an optional waterproof Sports 
Pack, comprising a tough ABS plastic cover with sealing gas-
ket that allows operation of the video camera on the beach 
and in water depths to two metres. 

For the diving buff, the Sony deep water Marine Pack has 
extra waterproof capability, enabling full operation of the 
video camera down to 40 metres ( 130 ft). Accessories include 
an underwater Video Light with waterproof rechargeable bat-
tery pack, plus special filters to handle awkward lighting 
situations. 

Entertainment Equipment 
HI-FI AUDIO 

Greenwich Marine (GME) of Sydney market two models of 
their marinised radio cassette deck. The electronics and 
mechanicals are manufactured by a leading Japanese com-
pany, and feature coated circuit boards and special marine 
housings. The model GR926 comprises an auto reverse cas-
sette deck, with an AM/FM manually tuned radio. In addi-

JVC's car radio/cassettes, models RX515, RX615 and RX715 
are proving popular with boating enthusiasts, say JVC. By 
fitting an optional "sleeve unit" (K2-B2K — shown) to your car 
and boat, the radio/cassette is readily transferred from one to 
the other. 

tion however, this model also incorporates the LE" band ( 200-
400 kHz) enabling the boat owner to tune into local aero 
beacons, some of which continually transmit weather infor-
mation (the radio can also be adapted by the hobbyist for 
direction finding). 
The GME model GR934 has similar tape playing facilities, 

but also features a digitally tuned AM/FM radio of quite sur-
prising performance, being particularly noise-free on the FM 
band. GME market several speaker enclosures suitable for 
use onboard boats. 

Car audio equipment 
The amount of quite excellent car audio gear is beyond list-
ing here. In general terms it can be stated that car audio 
equipment is ideally suited for operation in fully enclosed 
areas such as the saloons of yachts and power cruisers. There 
cannot be a more severe testing ground than the automobile, 
which is why so much boat electronics stems from the auto 
industry. — to page 113 r> 

SECURITY 

If your boat is moored at a marina, 
then doubtless you're worried 
about theft and vandalism. Monit-
ronix, a West Australian firm, has 
tackled the problem head-on and 
come up with an economical sys-
tem they've dubbed "Boat-
guard". 

Boatguard is a marine security 
system which, for boat owners 
using marine or yacht club pens 
and mooring, provides 24 hour 
surveillance of each craft linked 
to the system. The system 
employs an onboard low power 
transmitter which is fully self-con-
tained, running from its own bat-
teries. If an intruder enters the 
boat, an alarm is transmitted to a 
remote land-based monitor 
located at a professional security 
monitoring company. A computer 
system then provides the security 
monitor with the boat location, 
owner's name and contact phone 
number and any other relevant 
details from the alarm system 

CODE: Waterproof Radio Transmitter 

Magnetic Hatch Switches 

Bilge Float Level Switch 

Pressure Mats 

data basé. Any prearranged 
action can then be initiated. 
The system can be triggered by 

hatch switches and pressure 
mats strategically located on the 
boat. The transmitter/alarm sys-
tem continuously checks the 
status of all such inputs. 

In addition, the system may be 
linked to onboard safety equip-
ment such as a bilge float level, 
gas or fume detectors. During 

your absence, any build up of 
bilge water, gas or petrol fumes 
will be detected and relayed to the 
base station. 

Cost of the basic system 
supplied by Monitronix is approxi-
mately $300. Installation costs 
depend on boat design, but 
Monitronix indicate wit would be 
about $200 for the "average 

•••••••1 

.„./..-- sized" boat. A professional sec-
urity company currently offers a 
monitoring only service for less 
than $100 per year. Monotronix 
hope to convince the many 
marina operators and yacht clubs 
around the country to install the 
land-based monitor systems to 
provide a service to their sub-
scribers or members. Details 
from Monitronix, 41 Guthrie St, 
Osborne Park 6017 W.A. (09)446 
8699. 
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New Sennheiser 
headphones 
Sennheiser has released a new enclosed dynamic type 

stereo headphone, the HD250 Linear. This model is said 
to represent the pinnacle of Sennheiser's extensive research 
and advancement programme of the past three years. 

The objective behind the 
HD250 development was to pro-
duce the "ultimate" enclosed 
dynamic headphone, incor-
porating totally undistorted 
sound reproduction. Up until 
now, this has been difficult due 
to traditional problems 
associated with construction 
caused resonances. 
The HD250 boasts many 

technological innovations in 
headphone design, according to 
Sennheiser. The use of new 
metal alloys in the magnetic sys-
tem producing a much stronger 
magnetic field, ensuring closer 
coupling with the diaphragm 
thus lessening undesired reso-
nances found in conventional 
systems. The drive coil is made 
from lightweight aluminium. 
reducing the moving mass and 
resulting in improved pulse 
behaviour, the makers say. 
Weighing 25% less than most 

enclosed designs, this model 

can be worn for long periods 
without fatigue, according to 
Sennheiser. 

For further information, con-
tact the distributors, Cunnin-
gham Consolidated Ltd, who 
have branches in Victoria 
(03)353 0791, Queensland 
(07)862 1234, Western 
Australia (09)478 3208 and 
NSW (02)909 2388. 

Flush mount speaker system 
rr he Boston Acoustics 360 is a 

two-way loudspeaker 
designed for flush installation 
in the walls or ceilings of rooms 
where the decor makes conven-
tional speaker cabinets undesir-
able or inappropriate. 
Although it is small enough to 

install unobtrusively in new or 
existing construction, the 360 
offers the sound quality of a fine 
home loudspeaker system, the 
makers claim. 
Each 360 features a specially 

designed long throw woofer for 
extended bass reproduction and 
a high performance one inch 
CFT dome tweeter. 
Quoted frequency response 

extends from 48 Hz to 20 kHz, 
impedance is eight ohms and 
the recommended amplifier 
power is five to 60 watts. The 
360 measures 213 mm x 300 mm 
and requires only 75 mm mount-
ing depth. 
Boston acoustics say 

homeowners will find uses for 

the 360 in the recreation room, 
bathroom, kitchen, living room 
or as a rear channel speaker sys-
tem in surround-sound applica-
tions. 
Commercially, the 360 is an 

ideal high quality sound source 
for use in restaurants, lounges, 
churches and offices, Boston 
Acoustics say. 
The 360 is supplied in a matte 

white finish, ready to install as-
is, or it can be painted to match 
the environment. An optional 
kit will be available for mount-
ing the 360 in wall where studs 
are 16 inches apart. Suggested 
retail price for the 360 is 
$599.00. 

In addition to the 360, Boston 
acoustics has introduced the 
models 350 and 705 in their 
designer series range. Also 
designed for flush mounting, 
the two new models were 
created in response to an 
increasing demand for high 
quality stereo reproduction in 

Pioneer launches 
top-end range of 
hi-fi 

W ith the release of a new 
range of hi-fi compo-

nents, Pioneer once-again 
moves back into the top-end 
market. Leading their new 
thrust are three "Reference 
Series" amplifier components, 
"designed exclusively for the 
connoisseur". 

Pioneer say performance was 
a crucial factor in the design of 
the new range, the amplifiers 
featuring "third generation" 
non-switching circuitry and all 
components incorporating rib-
bed honeycomb chassis and 
cases (even heatsinks!) to 
reduce vibration and resonance 
effects. 
The A91-D Reference Digital 

amplifier leads the pack. Rated 
at 120 W/ch. continuous out-
put, 400 W peak (into 2 Ohms), 
it delivers a quoted 0.003% dis-
tortion and features a digital 
input with four-times oversam-
pling digital filter and twin D-A 
converters. 
The F91 tuner features a "Di-

rect Digital Decoder" that 
digitizes the signal before 
decoding it to reduce the effects 
of interference that mar recep-
tion with analogue detectors. 
You can randomly preset 24 
AM/FM stations and it has a 
three-programme memory for 
other functions such as time-

spaces previously thought 
impractical for conventional 
box speakers. 

For further information on 
these models, as well as others 

set. 
The PDM-90X CD player fea-

tures a 6-disc magazine and ran-
dom play of up to 32 tracks, 
amongst other sophisticated 
programming functions. It 
sports both analogue and digi-
tal output and comes with an 
infra-red remote control. 
See your local Pioneer dealer 

for further details on the range. 

Mordaunt Short's 
new speakers 

Concept Audio has just intro-
duced the Series 2 versions 

of the highly successful Mor-
daunt Short loudspeaker range. 

All speaker models, with the 
exception of the MS100 and 
MS300, sport a smart new look 
and the Series 2 "Ti" models fea-
ture a substantially re-designed 
bass unit and crossover to give a 
deeper bass response, "sweeter" 
mid-range and smooth 
improved integration with their 
titanium dome tweeter. 

In common with all Mor-
daunt Short loudspeaker sys-
tems, the Series 2 products 
incorporate POSITEC protec-
tion circuitry to provide a total 
safeguard against all forms of 
overload and amplifier fault 
conditions. Prices on Mordaunt 
Short loudspeakers start at 
$450.00 a pair. 

For further information, con-
tact: Concept Audio Pty Ltd, 17/ 
98 Old Pittwater Road, Brook-
vale 2100 NSW. (02)938 3700. 

in the Boston Acoustics range, 
contact the Australian dis-
tributors: The Falk Elec-
trosound Group, 28 King Street, 
Rockdale 2216 NSW. (02)597 
1111. 
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DAVID REID 
ELECTRONICS 

"FLYING 
EAGLE" 
R/C CAR 

* With working 
lights & horn! 

"AA" 
NICADS 

1.2 V 450 mAh 

, 
,‘0 $2.95 

HIGH VOLTAGE 
ELECTRO'S 

R.T. 
1 mfd/350 volt   80C 
2.2 mfd/450 volt   95C 
4.7 mfd/450 volt   $1.45 
10 mfd/450 volt   $1.75 
22 mfd/450 volt   $3.50 
47 mfd/350 volt   $4.95 
47 mfd/450 volt   $6.95 
100 mfd/350 volt   $5.95 ; 
100 mfd/450 volt   $9.95 

MUSIC BUOY 

WATERPROOF RADIO 

* AM/FM 
* FLOATS ON 

WATER 
* FOR THE POOL, 

BEACH, ETC 

ONLY $49.50 

CHRISTMAS FUN 
FOR THE KIDS! 

"LCD" POCKET GAMES 
* FOUR DIFFERENT 

TYPES TO amr 
CHOOSE 

All one price 

$15.95 ea. 

"MINI-DIN" 
CONNECTORS 

PDM-3 3-PIN PLUG - 52.95 
PDM-4 4-PIN PLUG - $2.95 
PDM-5 5- PIN PLUG - $2.95 
PDM-6 6-PIN PLUG - $2.95 
PDM-7 7- PIN PLUG - $2.95 
PDM-8 8- PIN PLUG - $2.95 

IEC MAINS 
CONNECTORS 
LINE MAIL 
LINE FEMALE 
CHASSIS PLUG 
CHASSIS PLUG 
(FUSED) 

$4.95 
$3.95 
$2.95 
S5.80 

Mains - YOUR BEST INSURANCE 
• Over-voltage protection, 
filtering out RF noise and spikes 

2-outlet 4-outlet 
$147.50 $245.00 

For the electronic 

enthusiast 

AM/FM FOLDABLE 
HEADPHONE RADIO 

Ql Value 
at $12.95 

EXTERNAL SPEAKERS 
FOR WALKMANS 
* JUST PLUG 

INTO HEAD-
PHONE SOCKET 

$9.95 

COMPACT DISC 
STORAGE CASE 
* HOLDS UP TO 

20 DISCS 

ILO $23.50 

PORTASOL - BUTANE 
SOLDERING IRON 
"For people on the move" 

1 mm 
2 4 mm 
32 mm 
4 8 mm 
ALL ONE 
PRICE 
512 95 

COMPLETE WITH 2.4 mm TIP 
AND IGNITOR, COVER 

A SPECIAL 
LOW PRICE AT 

$39.95 

AVMLABLE 
SPARE TIPS 

\ s 

INPHONE - CORDLESS 
TELEPHONE 

• Last No. Redial 
• Security Coding 
• Paging Facility 
• 250m range 

Ours is 
only $195! 

NEW GENERATION 
CORDLESS 
TELEPHONE 
WITH 2-WAY 
INTERCOM 
• Full Security Coding 
• 200m Range 
• wall or Desk Mount 
• Last No. Redial 

$295.00 

IBM PRINTER 
CABLE 
* 25-pin ' D' plug 

to Centronics 

* 1.75 m long 

ONLY $15.00 

RS-232 GENDER 
CHANGERS 
male to 
male   $19.95 

female to 
female   $15.95 

patch box .   $9.95 

FERGUSON STEPDOWN TRANSFORMERS 
240 VOLT INPUT - 115 VOLT OUTPUT 
50 watt   $67.65 300 watt   
60 watt   $76.50 500 watt 
125 watt   $101.50 1000 watt   
200 watt   $107.75 

$139.50 
  $217.50 

$337.50 

- DAVID REID BUSINESS HOURS 
M il 

MON.-FRI. 8.30-5.30 MAIL ORDERS WELCOME 
ELECTRONICS THURS. 8.30-7.00 PO BOX Q103 
127 YORK ST SAT. 8.30-12.00 

SYDNEY 2000 PH: (02) 267 1385 SYDNEY 2000 

$1-$25 - $3.00 P+P 
$26-over - $6.00 P+P 



aem hi-fi review 

Kenwood LS 990 AD 
loudspeaker 
Robert Fitzell 
Robert Fitzell Acoustics AAAC 

Kenwood has a well deserved and long 
standing reputation as a manufacturer of 
quality equipment. These loudspeakers 
gave our reviewer a few surprises. 

TRIO KENWOOD Corporation is one of the names of the hi-fi 
industry that many have come to trust. Justifiably, the com-
pany can claim a good reputation marketing, amongst other 
things, a very well respected range of instruments (oscillos-
copes especially) through a range of equally well respected 
audio system components. Many years ago, I was the proud 
owner of a Kenwood TK 250 U amplifier which, at 25 watts 
per channel, really lifted me into the big time. Whilst I was 
always a little frustrated that the TK 150 U 15 watt amp 
seemed to be a better amplifier, I was certainly one of the 
many satisfied Kenwood customers. 
A new product on the market from Kenwood is the LS 990 

AD loudspeaker. This is a relatively large loudspeaker aimed 
clearly at the hi-fi market. It is finished in a black walnut 
grained plastic timber laminate, 670 mm high by 355 mm 
wide by 320 mm deep. As with all Kenwood equipment, the 
quality of manufacture is impeccable and apart from the fact 
that it certainly won't match your antique furniture, the 
loudspeaker would fit in well with most furnishings. 

A manual appraisal 
On unpacking the loudspeakers, one of the most obvious fea-
tures was the manual written entirely in Japanese. This is 
perhaps not so bad since many manuals for many pieces of 
equipment spend most of their time congratulating you on 
your purchase rather than giving any really useful informa-
tion. Instead of having to wade through self indulgent drivel, 
the all Japanese manual presents a quite interesting chal-
lenge to determine the answers to the questions that are 
really interesting. The information I gleaned can (I hope!) be 
summarised as follows. It's a three-way loudspeaker featuring 
a 330 mm woofer, 100 mm mid range and 25 mm tweeter, 
with a nominal impedance of 6 ohms providing 92 dB per 
watt at one metre with power handling capacity probably of 
75 watts. The frequency response appears to be a rather 
astonishing 28 Hz to 47 kHz with crossover frequencies of 
600 Hz and 5 kHz. The weight of the enclosure appears to be 
22 kg. 
Of those figures, I am least certain of the power handling 

capacity figure since a value of 200 watts is given, probably 
the peak music power handling capacity, and the value of 75 
watts, which is likely to be the RMS power handling capacity. 
Having set the manual aside, it was obvious that any real 

information concerning performance and function would be 
gained by test and inspection. 

REVIEW ITEM: Loudspeaker 
FORMAT: Three-way vented enclosure 
MANUFACTURER: Trio-Kenwood 
MODEL NO: LS-990 AD 
RECOMMENDED 
RETAIL PRICE: 
DISTRIBUTOR: Kenwood Electronics (Aust.) 

4E Woodcock Place, Lane Cove 2066 

Overall features 
The loudspeakers are, without doubt, a three-way system 
with driver dimensions as given. Both the mid-range and 
tweeter are aluminium chassis units with horn loading. Both 
drivers suffer from physical obstruction at the throat. The 12 
inch (330 mm) bass driver uses a traditional vented enclosure 
and gives clean performance. 
Connections to the rear of the loudspeaker are by banana 

plug and the remaining feature of significance is mid-range 
sensitivity and high frequency controls located on the front 
panel behind the cloth grille. This permits adjustment of the 
sensitivity of the mid-range and quite markedly changes the 
audio quality of the loudspeaker performance. 
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Figure 1. Free-field 

bass response. 
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Subjective testing 
Surprisingly, the LS 990 AD did not produce the bass 
response that I had expected. The loudspeaker uses a large 
enclosure with porting and appears to promise a lot more 
than it was able to deliver. Our testing used a number of 
amplifiers so did not appear to be the result of mis-match or 
other failure in the drive system. 

For subjective testing we used a range of music sources, 
mostly from compact disc. Amongst these were Clannad, 
Vangelis, the Beethoven Emperor Concerto, Kin i te Kanawa, 
as well as chamber music compositions by Telemann. If the 
bass response was there, we certainly would have tapped it. 

Nonetheless, the bass response was quite pleasant 
although lacking. The loudspeaker gives a reasonably tight 
bass with quite pleasant tonal quality. 
More seriously, the mid-range unit I found quite disturb-

ing. Initially, our subjective testing was conducted with the 
mid-range sensitivity set to the centre detent where most 
people would probably set the control. At this setting, I found 
listening fatigue very high and it was necessary to lower the 
mid-range sensitivity quite severely before colouration was 
adequately reduced. Perhaps the worst performance was 
with female voice, although to be honest, it was difficult to 
choose. 
With the reduced mid-range sensitivity, I found the 

loudspeaker much more comfortable to audition. There 
remained, clearly, a level of mid-range colouration com-
monly associated with horn loaded loudspeakers. Whilst the 
horns in the Kenwood are not large, there are a number of 
physical obstructions around the throat to both upper range 
drivers and I suspect at least some of the colouration could be 
due to these. To be fair, I did not reach any firm conclusion 
concerning the quality of the tweeter, although this was due 
to my dislike of the mid-range rather than anything else. 
As a subjective summary, I have to say that I did not like the 

LS 990 AD. As a Kenwood driver from way back, this really 
was a disappointment since the new products of the old stal-
warts is something one usually hopes to feel familiar with. I 
must also say that whilst I would claim to have rather 
catholic tastes in music, if I have a leaning at all it is toward 
classical and acoustic instruments for which horn loading 
and rock loudspeakers do not produce good results. 
My opinion is that the LS 990 AD is a useful loudspeaker 

for rock music although it does lack the very bottom end that 
one would normally want. This is likely to be a draw-back to 
its market penetration since a relatively large loudspeaker 
would not normally need the support of a sub-woofer. The 
loudspeaker has plenty of punch in the mid range and could 
carry percussion and brass instruments very well but is 
unlikely to be the choice of the classical music enthusiast. 
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Figure 2. Near field response, mic. placed close to each 
driver. The "boosted" tweeter response is an artifact of the 

measuring technique and tweeter directivity. 
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Figure 2a. Near field response with mic. placement adjusted 

when taking the tweeter response. 

Measurements 

o 

Having got the disappointments out of the way, it was time to 
conduct some more objective testing. Initially, we ran some 
frequency response checks in free field. These provided some 
of the answers, at least in relation to low frequency perfor-
mance. We consistently found low frequency roll-off to com-
mence at about 80 Hz for the full range of input sources — 
swept sine wave, periodic noise and random noise. At the 
quoted performance of 28 Hz, we found response to be at 
least 10-15 dB down. Figure 1 shows :he frequency response 
trace for a swept sine wave at far field up to 500 Hz. This trace 
makes an interesting comparison with the near field 
response results shown in Figure 2 in which the crossover 
points may also be seen. Looking at the bass end of Figure 1, 
the effect of the port may be seen at around 50 Hz. 

Figure 2 shows the frequency response for each driver mea-
sured using the near field microphone technique. This 
technique uses a microphone located approximately 50 mm 
on the driver axis and in the case of the tweeter, is very sensi-
tive to distance. For those that are disturbed by the apparent 
increase in sensitivity of the tweeter, this effect is partly due 
to the greater directivity of the tweeter and partly to distance 
corrections. Figure 2a is a repeat test using the same 
technique but with minor adjustment to the microphone pos-
ition for the tweeter. It is clear from Figures 2 and 2a that the 
crossover frequencies for the LS 990 AD are approximately 
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aem hi-fi review 
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Figure 3. On-axis versus off-axis (at 45 degrees) response. 
Off-axis response starts to roll off at about 2 kHz. 

400 Hz and 4.7 kHz. These values are in reasonable agree-
ment with the owner's manual. Whilst the lower crossover 
response appears to be nicely symmetrical, crossover bet-
ween the mid-range and tweeter is a lot less so. 
Loudspeaker sensitivity was determined during set up at 

93 dB for 1 W at 1 m with sine wave input. This also is very 
close to manufacturer's specifications. 

Dispersion was found to be reasonably uniform in both ver-
tical and horizontal directions. Figure 3 shows the on-axis 
and off-axis frequency response at a horizontal displacement 
of 45 degrees. Roll-off commences clearly by about 2 kHz, but 
is reasonably uniform with frequency. This is a good feature 
for domestic hi-fi since the frequency response throughout 
the room is more effectively preserved. 

Distortion testing provided more clues to the deficiencies 
in loudspeakers' performance. Figure 4 shows the total har-
monic distortion measured for a sine wave input at 1 W. Par-
ticularly bad is the very large increase in distortion seen for 
the test frequency at 6.3 kHz. We found it was possible to vary 
the distortion levels quite considerably according to the set-
tings on the mid-range and high frequency drivers. However, 
the data given in Figure 4 applies to the settings I personally 
found least coloured and most pleasant for listening. These 
settings also appeared to give the lowest distortions in mid 
and high frequencies. However, it appeared impossible to 
reduce distortion around the upper crossover frequency. So 
whilst my first impression was that the mid-range driver was 
responsible for most of the distortion problems, I suspect the 
crossover might be equally or perhaps predominantly 
responsible for distortion in the upper mid-range. 

Intermodulation test results are shown in Figures 5 and 6. 
The trace of Figure 5 should be read carefully since the distor-
tion products seen below 1 kHz are in fact, harmonic distor-
tion of the 250 Hz fundamental. Distortion at 8 kHz due to the 
250 Hz fundamental is really very satisfactory as are the inter-
modulation distortions in Figure 6 centred on 11 and 12 kHz. 
In the latter case, the sidebands are 60 dB down on the funda-
mental. The distortion of the 250 Hz tone seen in Figure 5 was 

COMPUTERS 

typical of all distortion testing where the fundamental was 
below but close to the crossover frequency, where in all cases, 
a strong third harmonic content was evident. 
A number of tone burst tests were conducted, the results of 

which are shown in Figures 7, 8 and 9. In each case, the lower 
trace is shown in compressed mode with the upper trace in 
expanded time mode. Of these traces, probably the 400 Hz 
tone burst result is the worst in terms of lack of damping after 
the transient. 

3IO !  

35.1IL 

Figure 4. Total harmonic 
1 distortion response of the 
LS 990 AD loudspeakers. 
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Figure 5. lntermodulation distortion, signals at 250 Hz and 8 
kHz. The products below 1 kHz are harmonic distortion 
products of the 250 Hz fundamental. 

8* HAG KENMEIOD- FI K.: I 2K 

d8SPL 

90 [ 

j. 315 IWO 11511 1. - Imur 
1rse fre•Aroa. Nr 

STORED KENW000 250.8020 RMS, 10 

i 0 

START. 500 Hz 814. 23.71 Hz STOP: 25 500 Hz 

Figure 6. Intermod. distortion again, signals at 11 and 12 kHz. 
The sidebands are 60 dB down — a good result. 

Impulse testing of the Kenwood loudspeaker is shown in 
Figures 10 and 11 for two settings of the mid-range driver. 
Both diagrams are magnitude maps showing frequency 
response on a logarithmic scale between 100 Hz and 20 kHz. 
Each trace shows time history moving from the top to the bot-
tom of the diagram with an exponential window moving 
with a one millisecond overlap between traces. Figure 10 
shows the time response for the loudspeaker with the mid-
range set to the preferred listening condition whilst Figure 11 
has the mid-range sensitivity set to maximum. In both cases, 
frequency response and delayed energy is very poor in the 

MODEM OWNERS — FAX OWNERS 
Protect Your Investment! 

Don't have your gear zapped by lightning. 
Use our Phone Line Protection/ 

Isolation Device. 
Also good for answering equipment. 

JUST 
$29! 

BANKCARDWISA-MASTERCARD WELCOME 

24 Burwood Highway, ( Rd.) 
Burwood, 3125 

Telephone: 288 2144 

288 9067 
RBBS: 288 3599 

Fax: 288 0781 
Alt Max Elliott 
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Figure 7. Tone burst testing, 401 Hz. The top trace is the 
expanded version of the bottom trace. 
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Figure 8. Tone burst testing at 1 kHz. Expanded trace at top. 
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Figure 9. Tone burst testing at 4 kHz. Expanded trace at top, 
as before. 

area centred around 6 kHz whilst with the mid-range set to 
maximum, there is significant although reasonably smooth, 
delayed energy throughout the full length of the time trace. 
Low frequency response also looks rather muddy, although 
resolution below about 300 Hz is limited by analyser 
bandwidth. Both magnitude maps show the response of the 
loudspeaker to be poor in the region of the upper crossover 
frequency and generally uneven throughout both of the 
upper driver frequency ranges. 
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Figure 10. Impulse testing with the mid-range sensitivity 
control set at the preferred listening position. 
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Figure 11. Impulse testing with the mid-range sensitivity set 
at maximum. 

Summary 
Overall, it is difficult to recommend the Kenwood 
loudspeaker. The cabinet work and construction quality is 
very good but only as we would expect from a manufacturer 
of this reputation. I feel the most suitable application for the 
LS 990 AD is with pop music where a reasonably high power 
handling capacity is sought. The loudspeakers are of robust 
construction and should perform well in areas where these 
qualities are important. If you are a lover of classical music I 
think you would be disappointed If you like jazz, then they 
are perhaps well worth an audition, although piano will still 
have clear limitations. Let's hope the Kenwood designers lis-
ten to soft strings and delicate chamber music before their 
next loudspeaker arrives on the scene. 

-ADMARKET 
SIEMENS M100 Read Only teleprinter. Very 
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VZ200/300 information. Le'VZ club: 
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PROFESSIONAL PRODUCTS NEWS 

Chart Hi 

ent Industries (Australia) Pty Ltd has announced the 
1\ release of the Goerz/Metrawatt SE110 and SE111 battery/ 
mains operated chart recorders which include digital display 
of the measured value, plus chart printing of measuring range 
and chart speed as a standard feature. 

The SE110 offers 18 switch-
selectable dc voltage ranges 
commencing at 1 mV dc full 
scale and with calibrated zero 
suppression up to 200%. The 
SE111 has 48 calibrated ranges 
from 150 mV to 750V dé/ac and 
0.6 mA to 6 A dc/ac. 
Operation is by means of on-

board batteries, external 12V dc 
or mains supply. Twelve chart 
speeds from 1 cm/hr up to 600 
cm/hr are provided and a range 
of accessories such as shunt 
resistors and clip-on current 
transformers are also available. 

For further information, con-
tact: Kent Instruments (Aust) 
Pty Ltd, 70-78 Box Road, 
Caringbah 2229 NSW. (02)525 
2811. 

Digital effects 
system from 
Amber 

Anew digital effects system 
has been released by Lexi-

con and will be distributed in 
Australia by Amber Technology. 
The new Lexicon model 480L 
enables recording studios to 
create a whole spectrum of 
dynamic, totally original effects 
and is the result of a two-year 
development programme. 
This system is capable of 16 

million operations per second, 
enabling the creation of sounds 
previously out of reach and a 
major feature of the design is in 
it's ability to accept new genera-
tions of sound-producing 

hardware and software, Lexicon 
say. 

In a market flooded with 
reverb and effects devices, the 
Lexicon 480L is claimed to be 
unique, with it's ability to create 
effects which are spontaneous 
and extraordinarily creative. 
One of the outstand its 

benefits of the 480L is it's mul-
titasking ability. It can run any 
two of it's programs ( i.e: reverb 
and sampling) simultaneously. 
The programs can be used inde-
pendently, or internally 
"patched" together in any of sev-
eral flexible configurations. 

In addition to it's analogue 
inputs and outputs, the 480L is 
also equipped with a digital I/O 
connector. This allows the recor-
dist to add signal processing to a 
stereo mix without ever leaving 
the digital domain. 

For further information, con-
tact Amber Technology, Unit 6, 
Forestview Park Estate, Frenchs 
Forest 2086 NSW. (02)975 1211. 

Guide to fibre 
optics 

Belden Electronics offers "A 
Guide to Fiber Optic System 

Design", an 18-page brochure 
designed to assist engineers in 
understanding and specifying 
fibre optic cable. 
The new tutorial explains the 

considerable advantages of 
selecting fibre optic systems 
over typical metallic cable trans-
mission systems. 

Basic elements of optical 

fibre, construction, system 
design considerations and cabl-
ing design considerations are 
also detailed. The brochure con-
tains illustrations, graphs and 
diagrams to ensure precise 
clarification of terms and defini-
tions. 

For a copy of Belden's Guide 
to Fiber Optic System Design, 
contact: Belden Electronics, PO 
Box 322, Clayton 3168 Victoria. 
(03)240 0448. 

Breathe easy 
(-1 ne of the greatest fears 

expressed by employees 
surrounds the quality of air in 
the workplace. As a result, an 
increasing number are demand-
ing a guarantee that their work 
environment is free from conta-
minants. 
This is the basic premise 

behind a range of leight weight 
diffusion monitors from 3M. 
The badge-style monitors are 
simply clipped to the worker's 
lapel and worn in the workplace 
for no longer than eight hours. 
The sample gathered is then 
sent away to 3M for analysis of 
on-the-job exposure levels. 
Employed periodically, the 

3M monitors provide a cost 
effective means of monitoring 
airborne contaminants in such 
environments as the petrochem-
ical, paint coating, plastics, 
synthetics, rubber and paint 
manufacturing industries. 

All 3M monitors draw on the 
principle of diffusion to deter-
mine the time-weighted average 
concentration of airborne conta-
minants. 
This method of sampling 

draws contaminant molecules 
from the worker's breathing 
zone down into a barrier film 
where it is captured for analysis 
in an absorbent wafer. 

Confidential analysis is 

included in the price of the 
monitors and is carried out by 
3M through it's subsidiary, Riker 
Laboratories. Despite their sim-
ple design. the 3M monitors 
exhibit excellent accuracy and 
high precision. 
The head office of 3M is 

located at 950 Pacific Highway, 
(PO Box 99) Pymble 2073 NSW 
(02)498 9333. 

Taking the static 
out of field calls 

W hen a technician is servic-
ing static sensitive elec-

tronics, there is a great risk of 
damaging micro-electronic 
components. The new 8501 sta-
tic-dissipative portable field kit 
from 3M can quickly eliminate 
potentially hazardous static 
charges and provide a static free 
working surface. 
The 3M 8501 is designed to 

remove any static charge on the 
technician and provide a static 
free surface on which parts can 
be placed. 
The work surface is a red mat 

constructed from static-dissipa-
tive material and measures 5 
mm x 560 mm x 610 mm. Two 
pockets are stitched on the mat's 
bottom edge, each being 200 x 
280 mm in area. A female snap 
connector is located in the 
lower corner of the pocket for 
the kit's ground cord system. 
The common-point ground-

ing system consists of a 3M 
model 3051 ground cord with 
two coiled sections. One section 
is 1.5 m in length and the other 
measures 3 m when extended. 
The two sections snap together 
to the work surface using a large 
centre male snap connector. 
The 1.5 m cord is terminated 

with a banana plug to connect 
the system to ground whilst the 
3 m cord is terminated with a 
small snap connector for con-
nection to the technician's wrist 
band. Each cord incorporates a 
one megohm resistor for safety. 

For further information, con-
tact your 3M dealer or the Head 
Office of 3M at 950 Pacific High-
way, Pymble 2073 NSW. 
(02)498 9333. 
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LED backlight LCD 
display 

A mtex Electronics, Austra-
lian distributor for Optrex 

Corporation of Japan, one of the 
leading manufacturers of LCD 
displays for electronic, indust-
rial and automotive applica-
tions, has extended its range of 
LCD dot matrix character and 
graphic displays to incorporate 
a series of LCD character dis-
plays with built-in LED 
backlighting. 
The series is available in a 

choice of 16 character by one 
line, 16 character by two lines 
and 40 character by two lines. 
The LCD incorporates a single 
+5 V supply and inbuilt ROM 
and RAM. 
Amtex Electronics stocks an 

extensive range of Optrex LCD 

displays, including LED backlit 
units. A range of high contrast 
character displays with elec-
troluminescence backlight is 
available in both a basic model 
or with extended temperature 
range of -20 to + 70 degrees Cel-
sius. 

For large scale display, Amtex 
stocks the Optrex DMF series 
which feature high contrast and 
wide viewing angle. These units 
incorporate the new super 
twisted type LCD with or with-
out electroluminescence and a 
640x200 dot display using a 
cold cathode backlight, one of 
the most visible LCD displays 
ever developed ,we're told. 

For further information, con-
tact: Amtex Electronics, PO Box 
10, Villawood 2163 NSW. 
(02)727 5444. 

The ultimate 
editing tool? 

Claimed to be the ultimate 
audio editing tool, the BEL 

BDE 2600S, recently launched 
by Rebel Audio here, is a true 
stereo unit, they say, offering a 
new standard in stereo off line 
audio editing and sampling. 
Even if a performer has an "off" 
day and belches during a pianis-
simo phrase, or just "fluffs" a 
few notes, this editor can be 
employed to fix it. 
The 2600S's versatility is built 

on its memory. This can be filled 
all at once, or a little at a time 
and any section of it can be 
loaded into any of 100 windows 
and then edited at both ends, 
pitch shifted, or triggered either 
manually or externally. 
The windows can be sequ-

enced using one of the four inter-
nal sequencers. This means that 
up to 26 seconds of mono prog-
ramme, or 13 seconds of true 
stereo programme can be com-
pletely re-arranged with pauses 
inserted or extracted and indi-
vidual notes pitch corrected. 

If a vocal track is ready for mix-
ing except for one or two flat 
notes, it is possible to load a 
single line or complete chorus 
from the track into the BEL 
2600S and pitch correct indi-
vidual notes to as little as 1/50th 
of a semitone, giving a perfect 
performance. Pauses can even 
be inserted to replace audible 
breathing. 

For further information on the 
BEL 2600S, contact: Rebel 
Audio Pty Ltd, 104-106 
Hampden Road, Fivedock 2046 
NSW. (02)713 6866. 
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generators and analyser, and a full range of 
handheld and bc.mchtop digital multimeters. 
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This list is by no means exhaustive. If 
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elecinmic workship tàult finding 
instruments, Emona has all yinir test and 
measuring instrumentation needs. 

For more information, circle the reader 
information number below or call Emona at 
(02) 510 3933, 86 Parramatta M., 
Camperdown 2050. Postal address Emona 
Instruments, P.O. Box K720, 
Haymarket 2000. Fax (02) 550 1378. 
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Practical filter design 
without fears or tears 

Jack Middlehurst 

When you need a steep rolloff, Butterworth 
filters get rather complicated! A man called 
Chebychev solved the problem of getting 
more ( rolloff) for less (components). Let's hear 
it for Chebychev! 

AS WE HAVE SEEN, Butterworth filters are fine if you don't 
want a particularly steep slope in the stopband. What do you 
do if you need a filter with a cutoff frequency of 10 kHz that is 
down 30 dB at 12 kHz ? If you run the program of Figure 2.2 it 
shows that you would need a Butterworth filter having an 
order of 19! Given time, patience, and sufficient money for 
the components you could build such a thing, but it would be 
rather bulky and not much fun to tune. For that reason, the 
program will not calculate the components for you. There are 
better ways of solving the problem. 

If you have a Butterworth LP filter and deliberately mis-
tune the sections, the filter response is no longer flat in the 
passband. Figure 3.1 shows the response of an aligned and a 
misaligned filter. Your first impression is that the result of 
misalignment is of no use to man nor beast. However, a sec-
ond look shows that the slope of the response in the stopband 
is, at least for the first 10 dB, steeper than that of a correctly 
tuned filter. Might it be possible to fiddle with the tuning to 
maximize this slope without having to put up with too much 
ripple in the passband ? 
Chebychev (Note 1) showed mathematically that there is 

indeed an optimum shape for the "misaligned" filter. He 
showed that, for filters that tend continually towards infinite 
attenuation in the stopband, the steepest slope possible is 
obtained if the tops of all the ripples in the passband are at 
the same height and the bottoms of the valleys between the 
peaks are also all at the one height. In other words, in the 
passband, the frequency response looks a bit like a sine wave. 
Filters having frequency responses of this shape are known 
as equiripple filters. 

It turns out that, to get zero ripple in the passband, the indi-
vidual tuned circuits in Butterworth filters have to be criti-
cally coupled, whereas to arri‘e at an equiripple condition 
those in a Chebychev filter must be overcoupled. This differ-
ence in coupling means that the ratios of the Ls to the Cs in 
the two types must be different. In general, the Qs of the 
tuned circuits in Chebychev filters are higher than those in 
Butterworth filters of the same order. 

Chebychev filters 
The great advantage of Chebychev filters is that you have 
more control over the shape of the filter frequency response 
curve. The amount of ripple in the passband affects the 
maximum steepness of the filter in the stopband adjacent to 
the cutoff frequency. The more the ripple you can tolerate, 
the steeper the slope you can get in the stopband. So you now 
have an extra variable to play with. 

Figure 3.2 shows the enormous improvement in slope that 
can be achieved by allowing just 0.1 dB ripple in the 
passband of a 7th order Chebychev compared with a 7th 
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Figure 3.1. Comparison of frequency response of aligned and 
misaligned Butterworth filters. 
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Figure 3.2. Frequency response of 7th order Butterworth and 
Chebychev LP filters. Fc 300 Hz, Chebychev ripple 0.1 
dB. 

NOTE 1. Translating the Russian cyrillic alphabet into English 
characters is a lot of fun. Consequently you will find Chebychev spelt 
Tschebysheff, Tschebychev, Chebysheff and so on. They are all the 
same person; it simply means that, if you can't find him and his filters 
under C in the index in a book on filters, try looking under T! 
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order Butterworth filter. At frequencies a long way from 
cutoff, the slopes of the two filters are the same, but by then 
the actual attenuation of the Chebychev is 20 dB more than 
that of the Butterworth. Note particularly the increased 
sharpness of the "corner" of the Chebychev filter just before 
the cutoff frequency (300 Hz) and the steep slope at cutoff. 

Figure 3.3 shows in detail the ripple in the passband of a 
3rd and a 4th order Chebychev LP filter having an allowable 
ripple of 3 dB (to make it easier to see) and a cutoff frequency 
of 1000 Hz. As expected, the tops of the peaks are all at 0 dB 
and the bottoms of the valleys are all at -3 dB. You will also 
notice that, for odd-order filters, the attenuation is 0 dB at 
zero frequency. For even-order filters, the response is down 
by the ripple amplitude at zero frequency. 

CD 

10 100 1000 
Frequency ( Hz ) 

Figure 3.3. Passband ripple of Chebychev LP filters of order 
3 and 4. The filter ripple has been deliberately chosen as 3 dB 
to make the differences easily visible. 

Because the ripple amplitude is so important in 
Chebychev filters, it is common to specify the bandwidth or 
cutoff frequency as being where the frequency response is 
down by the ripple amplitude rather that by 3 dB. For both 
Butterworth and Chebychev filters we will stick to the con-
vention that the cutoff frequency is where the response is 
down by 3 dB. Incidentally, don't be put off by the apparently 
enormous ripple in Figure 3.3, the scale has been exaggerated 
to make it easier to see. For audio work, it would be rare for 
the ripple to be chosen larger than 0.25 dB, and often it is 
specified at less than 0.1 dB. However, it is worth repeating 
that the selection of the ripple amplitude is at the discretion 
of the designer, in this case you! 
Because even-order Chebychev filters do not have 0 dB loss 

at zero frequency, even-order LC filters cannot be designed to 
have equal source and load resistors. At high frequencies, fil-
ters are usually inserted in 50, 52, or 75 Ohm coaxial lines or 
300 Ohm parallel balanced transmission lines. For profes-
sional audio work, LC filters would be inserted in 600 Ohm 
twisted pair or shielded cable. It is extremely inconvenient to 
have to change impedance levels up and down in such lines; 
for example, imagine trying to put a filter in a 300 Ohm TV 
lead if the filter would only work with a source resistance of 
425 Ohms and a load resistance of 300 Ohms. Designing and 
making the necessary transformer is not easy. 

Similarly, a transformer is needed to operate even-order 
Chebychev filters in audio lines. Particularly if high fidelity 
is being attempted, such transformers are expensive. So, 
when you read handbooks about Chebychev LC filters, and r> 

10000 

Figure 3.4. GWBASIC program to calculate the components 
of Chebychev LC filters of odd order. 

Line 50 defines the hyperbolic trigonometric functions and 
their inverses needed in the calculations. 

Lines 60 & 70 set up the display for output. 

Lines 140-280 contain traps against hitting wrong keys. 

Line 230 checks whether the frequency requested is in the 
stopband. 

Lines 300-330 WN is the frequency ratio. 

Line 340 N is the order. 

Lines 380-390 calculate constants needed later. F1 is the 
factor to convert from the ripple cutoff frequency to 
the 3 dB cutoff. 

Lines 400-420 are the main part of the program. 

Lines 450-690 the factors convert the Ls & Cs to practical 
units. 

Lines 730-800 calculate the tuning frequencies for LP & HP 
filters 

Lines 810-840,850-880, & 940-990 are subroutines to put the 
values of the components in convenient units. 

Lines 890-930 display the tuning components and 
frequencies. 

10 PRINT " Design of" 

20 PRINT . Odd order LC 
30 PRINT . Chebychev LP, HP, BP. & OR filters.. 

40 PRINT " Copyright Aquila Holdings Pty Ltd I987":PRINT 
50 DEF FNACOSH(X).LOG(X.SOR(X.X-1)):DEF FNSINH(X).(EXP(X)-EXP(-X) 

)/2:DEF FNCOSH(X).(EXP(X/fEXPC-X))/2:DEF FNASINH(X). 

LOG(X.SOR(X.X+I)) 
60 A4,..Tune L( . :A7S..) to ": 990.")C1":912$= .0( . :A13S." Ff . 

70 AIS..L(":A2S..C(":A3S..)..:P1.3.141592654$1:LGE..434294481M 

80 PRINT "What type of filter would you like to design ^" 

90 PRINT " I. Low pass " 

100 PRINT " 2. High pass " 

110 PRINT " 3. Band pass " 

120 PRINT " 4. Band reject " 

130 PRINT " 5. None, Oult." 
140 INPUT "Please enter the appropriate integer. " X 

150 IF X.5 THEN 990 

160 IF(X<I OR X>5)THEN 80 

170 INPUT "What is the value t Ohms of the source (& load) 

resistance ^", R:1F R =0 THEN 170 

180 IF(X.I OR X.2)THEN INPUT .What is the cutoff frequency 

Hz ",FC:IF FC, .0 THEN 180 ELSE 220 

190 INPUT .What is the centre frequency t Hz I 

FC:IF FC , .0 THEN 190 
200 INPUT " What is the bandwidth t Hz 1 ", BW:IF BW, .0 THEN 200 

210 FL.(-BW.SOR(BW.BW+4.FC.FC))/2:FU.FL.BW:IF FL , .0 THEN PRINT 
"That bandwidth is too wide for the centre frequency.":GOTO 190 

220 INPUT "At what frequency t Hz I in the stopband is the 

attenuation known '", F1:IF Flí.0 THEN 220 
230 IF((X.1 AND F1 ,..FC) OR ( X.2 AND Fl...FC) OR ( X.3 AND ( F1-= 

FL AND Fl -PU)) OR ( X.4 AND ( FI ,-FL OR F1'-FU))/THEN 240 ELSE 250 

240 PR1NT"That frequency is not in the stopband.": DOTO 220 

250 IF ( X.4 AND FI.FC)THEN PRINT .Sorry I can't use the centre 
frequency, please choose another frequency.": BOTO 220 

260 INPUT "What is the attenuation t dB I at that frequency 

AMAX:IF AMAX‹.3 THEN PRINT .There must be more than 3 dB 

attenuation in the stopband. ': 6030 260 

270 INPUT "What ripple would you nee in the passband t dB I 

RIPL: IF RIPLCO THEN 270 
280 IF RIPL>6 THEN PRINT " That ripple is ridiculous..:GOTO 270 

290 ON X BOTO 300,310,320,330,790 
300 WN.F1/FC : BOTO 340 

310 WN.FC/F1 BOTO 340 
320 WN.ABSUFI.FI-FC.FC)/BW/F1) BOTO 340 

330 WN.ABS(FI.BW/(FC.FC-FI.F1)) 
340 N.INT(FNACOSH(SOR((10^(.I.AMAX)-1)/(10^(.1.RIPL)-1)) 

)/FNACOSH(WN)).1:IF N MOD 2.0 THEN N.Ndl 

350 IF X.1 OR X.2 THEN NI.N:N2.10 ELSE N1.2.N:N2.19 
360 PRINT " This filter is of order "; Nl:ANGLE.PI/N 

370 IF N>N2 THEN PRINT "Sorry I can only calculate components 

for filters of order less than";N2 : BOTO 80 

380 W0.2.PI.FC i IF(X.3 OR X.4)THEN BW.2.P1se: 

390 EP.SOR(10^(.1.RIPL)-1):Y.10^(RIPL/40):GAMMA. 

FNSINH(LOG((Y.1/Y)/(Y-1/Y))/2/N):NF.FNCOSH(FNACOSH(1/EP)/N) 

400 FOR Il TO N:A(1).SIN((2.1-1).ANGLE/2):B(1). 

GAMMA 2.(SIN(I.ANGLE)) 2 

410 IF 1.1 1HEN G(1)-.2.A(1)/GAMMA:GOTO 430 

420 G(1).4.A(1-1).A(1)/B(I-1)/G(1-I) 

430 IF I MOD 2.1 THEN C(I).NF.G(I)/R ELSE 570 

440 ON X GOTO 450,470,490,530,990 

450 C(1).C(1)/W0 GOSUB 930 t> 
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r> 460 PRINT USING .\\*\\*MSMICIIMM\ 
AÓ$ BOTO 570 
470 L(1).1/WO/C(I) r GOSUB 810 
480 PRINT USING "\\ II\\ ***** . 8118\ 
ASS: BOTO 570 
490 L(I)8W/WO/WO/C(I) r GOSUB 810 
500 PRINT USING \\ N'' 81888.888b 
510 C(I).C(I)/BW : GOSUB 930 
520 PRINT USING "\\*\\ ***** . 888\ 
A6S : COTO 570 
530 LII).1/C(1)/BW r GOSUB 810 
540 PRINT USING .\\ 4\\101148.11481\ 
550 C(1)C(I)08W/WO/W0 : GOSUB 930 
560 PRINT USING "\\ 11\\ ***** . 114.11\ 
A6S r COTO 710 
570 IF I MOD 2.0 THEN L(I).NF.G(I).R 
580 ON X BOTO 590,610,630,670,990 
590 L(1).L(1)/W0 r GOSUB 810 
600 PRINT USING .\\ 11\MINIffl.1144\ 
ASS : BOTO 710 
610 C(1).1/WO/L(1) r GOSUB 930 
620 PRINT USING "\\*\\ 814101.4.44\ 
A6Ss BOTO 710 
630 C(I).BW/WO/WO/L(I) r GOSUB 930 
640 PRINT USING "\\ II\\ ***** . 810\ 
650 L(I).L(I)/BW r GOSUB 810 
660 PRINT USING .\\*\\48888.810\ 
A5$ r COTO 710 
670 Cil).1/L(I)/BW r GOSUB 930 
680 PRINT USING "\\ 11\\*M884.1188\ 
690 L(I).1-(1).BW/WO/W0 r GOSUB 810 
700 PRINT USING "\\11\\88888.888\ 
710 NEXT I 
720 ON X COTO 730,750,990,990 
730 FOR 1=2 TO N STEP 2.C.C(1-1).C(I+1)/(C(I-1)..C(1.1)) 
740 F.1/2/PI/SOR(L(I).C),GOSUB 850:GOSUB 910:NEXT I:GOTO 990 
750 FOR 1.1 TO N STEP 2:C=C(1-1)*C(1.1) 
760 IF(I<)1 AND I<>N/THEN 780 
770 IF 1.1 THEN C-C(2) ELSE CC(I-1) 
780 F.1/2/PI/SOR(L(1).C):GOSUB 850:IF I.1 THEN GOSUB 900, 
GOTO 800 ELSE 790 
790 IF IN THEN GOSUB 890 ELSE GOSUB 910 
BOO NEXT I:GOTO 990 
810 IF L(II)1 THEN S.L(1).A5S." Herwles ": GOTO 840 
820 IF L(1)>.001 THEN S.L(I).1000:A5S." mIllzHenrles ..GOTO 840 

830 S.L11).1000000.:A5S.. microHenrles" 
840 RETURN 
850 IF F>.1000000. THEN F.F/1000000..A8S." MHz".GOTO 880 
860 IF F>.1000 THEN F-F/1000:A85.. 01.",GOTO 880 
870 ABS-" Ho . 
880 RETURN 
890 PRINT USING .\ MI\ MI\ 
A7S,F,A8S[GOTO 920 
900 PRINT USING "\ MI\ MI\ 
A7S,F,A8StGOTO 920 
910 PRINT USING .\ MI\ MI\ 
1,A9S,1+1,A7S,F,A13$ 
920 RETURN 
930 IF C(I)>1 THEN S.C(I).A6S." Farads .. .GOT° 980 
940 IF C(1)›.001 THEN S-C(I)01000.A65." 41.111Farads".GOTO 980 

950 IF C(1)›.000001 THEN S.C(1).1000000..A6S." microFarads". 
BOTO 980 
960 IF C(1)>1E-09 THEN S.C(I).1E+09.A6f.. namearads .. .GOT° 980 
970 S.C(1).1E+12sA6S." picaFarads " 

980 RETURN 
990 END 

\"028,I,A3S,S, 

\";AIS,I,A311,S, 

\.:A1$,I,A3S,S,A5S 

\".A2S,I,A3S,S, 

\.01$,I,A3S,S,A5S 

\.024,1,A3S,S, 

ELSE 710 

\.;A1S,I,A3S,S, 

\. .A25,1,A3S,S,A6S 

\. ;A1S,I,A3S,S, 

\".A2S,I,A3S,S,A6S 

\";A1S,I,A3S,S,A5S 

\1108.000\ 

\080.0118\ 

\S\ \008.0.11\ \" 1A4S,I,A9S,1-

examples are given, you will find that only odd-order filters 
are described. It is possible to modify an even-order 
Chebychev filter so that it can be used with equal source and 
load resistors by using a special type of frequency transforma-
tion. This is illustrated in Daniels' book in Chapter 6. This 
transformation alters the frequency response from that of a 
true Chebychev filter to one having a worse slope near cutoff 

17.1 pF 17.1 pF 

Figure 3.5. a) Unbalanced 52 Ohm and b) balanced 300 Ohm 
Chebychev 5th order filters to remove 29 MHz signals from a 
TV receiver. 

In fact the response is only slightly better than that of a 
Chebychev filter of one order less. So you might as well have 
used the odd-order filter in the first place. 
The GWBASIC program of Figure 3.4 calculates the values 

of the Ls and Cs for odd-order Chebychev filters and gives the 
necessary tuning information. The circuits of the four types 
of filters are identical to those for the Butterworth filters 
shown in Figure 2.1. The actual values of the components are, 
of course, different. The tuning procedure is also the same as 
for Butterworth filters, and for the same reasons it is helpful 
to insert links in the pc board and to have single turn tuning 
windings on all inductors. 
To illustrate the use of Figure 3.4, consider the design of a 

HP filter to reduce the effects on a TV receiver, of a strong sig-
nal at about 29 MHz. We would like 40 dB attenuation at 30 
MHz, a cutoff frequency of 55 MHz, and will allow 1 dB of 
ripple in the passband. The program indicates that a 5th 
order filter will do the job. If a 52 Ohm coax lead is being 
used, the filter design is as shown in Figure 3.5a, the values 
being those displayed by the program. 

If we are using 300 Ohm balanced twinlead the values of L 
and C are calculated in the usual way for the circuit of Figure 
3.5a using Rsource = 300 Ohms. Then, instead of each series 
capacitor, two series capacitors, each double the calculated 
value, are inserted, one in each side of the balanced line as 
shown in Figure 3.5b. For LP filters, the series elements 
would be inductors; in this case, each series inductor in the 
balanced circuit would need to be half the calculated value. 
Because the Qs of the circuits in Chebychev filters are 

higher than those in Butterworth filters, it sometimes hap-
pens, particularly at high frequencies, that the component 
values become impractical. For example, capacitors can be 
required that are as low as 0.2 pE This is most likely to hap-
pen with BP filters, but can happen with any of the other fil-
ters. For this reason alternative circuits to those shown in 
Figure 2.1 have been developed. 
The first of these that we will describe are for the LP and 

HP filters. They are shown in Figure 3.6a and b. In filter jar-
gon they are known as the "duals" of the circuits in Figure 
2.1a and b. A dual of an LC filter is one in which all series ele-
ments are replaced with parallel elements of the opposite 
kind ( i.e a series inductor is replaced by a parallel capacitor 
and all parallel elements are replaced with series elements 

of the opposite kind. Given the correct components, these cir-
cuits will have frequency responses identical to those of their 
equivalents in Figure 2.1. 
The GWBASIC program of Figure 3.7 can be used to calcu-

late the components for these dual circuits. So, if you find 
that the program of Figure 3.4 gives values that are out of 
reasonable range, try the program of Figure 3.7. If the answers 
that this gives are still out of range, you are probably at a fre-
quency that is too high for W filters and will need some kind I> 

o 
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o  

o I I 

T T 0o) 

Î II  

p) 

Figure 3.6. Chebychev dual LC filters, a) low pass b) high 

pass. 
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Figure 3.7. GWBASIC program to calculate the components 
of the dual circuits in Figure 3.6. 

Lines 350-430 the factors convert the Ls and Cs to practical 
units. 

Lines 470-550 calculate the tuning frequencies. 

Lines 560-590,600-630, and 680-730 are subroutines to put 
the values of the components in convenient units. 

Lines 640-660 display the tuning components and 
frequencies. 

Calculates the Ls and Cs of Chebychev LP & HP " dual" filters 
of odd order. 

To print the output change PRINT to LPRINT in lines 
360,380,420,440,640,650, and 660. 

10 PRINT " Design 04" 
20 PRINT " LC odd order . 
30 PRINT . Chebychev LP t HP dual filters" 
40 PRINT . Copyright Aquila Holdings Pty Ltd 1987".PRINT 
50 DEF FNACOSH(X).LOG(X.SOR(X.X-1)):DEF FNSINH(X). 
(EXP(X)-EXP(-X)//2:DEF FNCOSH(X).(EXP(X).EXP(-X)//2: 
DEF FNASINHM.LOG(X.SOR(X.X.1)) 
60 A4f."Tune L(":A7S.") to ": 1:19$."/C( ..Al2$="0(":A13t=" Ft" 
70 Alf."L(".A2S."C(":A3f.").".PI.3.14159265441:LGE=.4342944811. 
80 PRINT "What type of filter would you like to design 
90 PRINT " 1. Low pass " 
100 PRINT " 2. High pass " 
110 PRINT " 3. None, Quit." 
120 INPUT "Please enter the appropriate integer. ', X 
130 IF 03 THEN 680 
140 IF(X<1 OR X>3)THEN BO 
150 INPUT "What is the value t Ohms ) of the source ffload) 
resistance 7",R.IF R‹.0 THEN 150 
160 INPUT "What is the cutoff frequency t H. 3 
IF FCC.° THEN 160 
170 INPUT "At what frequency Hz ] in the stopband is the 
attenuation known ", F1.IF Fl<.0 THEN 170 
180 IF((X.1 AND Fl<.FC) OR ( X.2 AND Fl>.FC)/THEN 190 ELSE 200 
190 PRINT"That frequency is not in the stopband.". SOTO 170 
200 INPUT "What is the attenuation t dB ) at that frequency 
AMAX:IF AMAX<.3 THEN PRINT"There must be more than 3 dB 
attenuation in the stopband.".GOTO 200 
210 INPUT "What ripple would you like in the passband C dB 3 "., 
RIP', IF RIPL<0 THEN 210 
220 IF R1PL>6 THEN PRINT " That ripple is ridiculous.".GOTO 210 
230 ON X SOTO 240,250,750 
240 WN.F1/FC DOTO 260 
250 WN.FC/F1 I DOTO 260 
260 N.INT(FNACOSH(SOR((10^(.1.AMAX)-1//(10'(.1.RIPL)-1)/ 
//FNACOSH(WN)).1:IF N MOD 2.0 THEN N.N.1 
270 PRINT " This filter is of order "; N:ANGLE.PI/N 
280 IF N>9 THEN PRINT " Sorry I can only calculate components 
for filters of order less than 10." : SOTO 80 
290 W0.2.PI.FC 
300 EP.SOR(10"(.1.RIPL)-1).Y.10- (RIPL/40).GAMMA. 
FNSINH(LOG((Y.I/Y)/(Y-1/Y)//2/W:NF.FNCOSH(FNACOSH(1/EP//N) 
310 FOR 1.1 TO NIA(1).SINC(2.1-1).ANGLE/2):13(1). 
GAMMA^2.(SIN(IsANGLE))^2 
320 IF 1.1 THEN G(1).2.A(1)/GAMMA.GOTO 340 
330 G(I).4.A(I-1).A(1)/8(1-1//G(1-1) 
340 IF I MOD 2.0 THEN C(1).NF.G(1)/R ELSE 400 
350 ON X SOTO 360,380,750 
360 C(I..C(I)/WO GOSUB 690 
370 PRINT USING " 551155 ***** Able\ 5".A2$,I,A3S,S, 

Line 50 defines the hyperbolic trigonometric functions and 
their inverses needed in the calculations. 

Lines 60 and 70 set up the display for output. 

Lines 150-220 contain traps against hitting wrong keys. 

Line 180 checks whether the frequency requested is in the 
stopband. 

Lines 240-250 WN is the frequency ratio. 

Line 260 N is the order. 

Line 290 calculates constants needed later. NF is the 
normalizing factor to convert from the ripple cutoff frequency 
to the 3 dB cutoff. 

Lines 300-320 are the main part of the program. 

A6( : SOTO 400 
380 L(1).1/WO/C(1) : GOSUB 570 
390 PRINT USING "551155MMMI1M.MMe5 5".A1S,I,A3S,S, 

ASS: GOTO 400 
400 IF 1 MOD 2.1 THEN L(1).NF.G(1).R ELSE 460 
410 ON X SOTO 420,440,750 
420 L(1)-L(1)/WO GOSUB 570 
430 PRINT USING " 551155 ***** . 111HO5 5";A1S,I,A3S,S, 
451 : SOTO 460 
440 C(1).1/WO/L(1) GOSUB 690 

450 PRINT USING " 551155$111111111.1M15 5".A2S,I,A3$,S, 
A6$: SOTO 460 
460 NEXT I 
470 ON X SOTO 480,540,750 
480 FOR 1=1 TO N STEP 2.C.C(1-1).C(1.1)/(C(1-1)...C(1.1), 
490 IF(I 1 AND l<>N/THEN 510 
500 IF 1.1 THEN C-C(2) ELSE C.C(I-1) 
510 F.1/2/PI/SOR(L(I).C):GOSUB 610:IF I.1 THEN GOSUB 660: 
SOTO 530 ELSE 520 
520 IF I.N THEN GOSUB 650 ELSE GOSUB 670 
530 NEXT I.GOTO 750 
540 FOR 1.2 TO N-1 STEP 2.C.C(1-1).C(1.1) 
550 F=1/2/P1/SOR(L(1).C):GOSUB 610:1F I.1 THEN GOSUB 660: 
ELSE GOSUB 670 
560 NEXT I:GOTO 750 
570 IF L(1) , 1 THEN S.L(1).A5S." Henries ": GOTO 600 
580 IF L(I)>.001 THEN S.L(1).1000:A51." milliHenries":GOTO 600 
590 S.L(I).1000000.:A5S=" microHenries . 
600 RETURN 
610 IF F>.1000000. THEN F.F/1000000.:AEIS." MH.":GOTO 640 
620 IF F>=1000 THEN F=F/1000,A81" kH.":GOTO 640 
630 A81." H. " 
640 RETURN 
650 PRINT USING " 5 5115 585 5MMII.IHM15 5";A4S,I,A9S, 
I-1,A7$,F,AElf.GOTO 680 
660 PRINT USING " 5 5115 5415 5111141.611115 5";A4S,I,A9S, 
1.1,A7S,F,A8S:GOTO 680 
670 PRINT USING " 5 u# 5 mr„ \s,„ 5".A4S,I, 
A91,1-I,A9S,I.1,A7S,F,A8S 
680 RETURN 
690 IF C(I)>1 THEN S.C(I):A6S." Farads .. .GOT° 740 
700 IF C(1)›.001 THEN S.C(1).1000:A6S.. milliFarads":GOTO 740 
710 IF C(1)›.000001 THEN S.C(1).1000000.:A6f." microFarads": 
DOTO 740 
720 IF C(I)ME-09 THEN S.C(1).1E.09:A6S." nanoFarads ": GOTO 740 
730 S.C(1).1E.12:A6S." picaFarads " 
740 RETURN 
750 END 
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of transmission line filter. For the design of these you will 
have to consult appropriate text books. 
Because of their use in telecommunications, a lot of work 

has been put into the design of alternative forms of bandpass 
filters to try and make the component values more practica-
ble. Figure 3.8 shows at a) the standard form that we have 

already seen in Figure 2.1; at b) is its dual; at c) is the form in 
which all the shunt inductors have the same value, and at d) 
is the form in which all the series capacitors have the same 
value (the dual of c). 

Filters c) and d) contain more components than the origi-
nal filter and, indeed, should really be called 14th order fil-

Figure 3.9. 
GWBASIC program to calculate the components of 
Chebychev BP filters using the four configurations of Figure 
3.8. 

Line 50 defines the hyperbolic trigonometric functions and 
their inverses needed in the calculations. 

Lines 60 and 70 set up the display for output. 

Lines 140-250 contain traps against hitting wrong keys. 

Line 220 checks whether the frequency requested is in the 
stopband. 

Line 270 WN is the frequency ratio. 

10 PRINT " Design of" 
20 PRINT " Chebychev LC Bandpass Filters" 
30 PRINT »Designs odd order filters for the 4 bandpass circuits 
in Figure 3.8." 
40 PRINT « Copyright Aquila Holdings Pty Ltd 1987, ": PRINT 

50 DEF FNACOSHM.LOGCX.SORIX.X-1,):DEF FNSINHCIO. 
(EXP(X)-EXP(-I)//2:DEF FNCOSHCX1.1EXPOO.EXPC-X)1/2: 
DEF FNASINHOO.LOG(X.SORCX.X.1)1 
60 A4S."Tune CO:A7S.") to ": A9S."1Ci":$1110S."/Li":AllS."Tune Li" 
70 Alf."LC":A2S.»C(":A3S.").":PI.3.14159265441: 
LGE..4342944810:SW.0 
80 PRINT " What type of BP filter would you like to design ?" 
90 PRINT " 1. Figure 3.8 a " 
100 PRINT " 2. Figure 3.8 b 
110 PRINT .3. Figure 3.8 c 
120 PRINT " 4. Figure 3.8 d 
130 PRINT » 5. None, Ouit." 
140 INPUT »Please enter the appropriate integer. ", X 
150 IF 8.5 THEN 970 
160 IF(X<1 OR X>5)THEN 80 ELSE IF SW- 1 THEN 380 
170 INPUT "What is the value C Ohms ) of the source ( Woad/ 
resistance ?", R:IF R<.0 THEN 170 
180 INPUT "What is the centre frequency C Hz ] 
IF FC<.0 THEN 180 
190 INPUT "What is the bandwidth C Hz ] 11,",BW:IF BW<.0 THEN 190 
200 FU.(13W.SOR(BW.BW.4.FC.FC)//2:FL.FU-BW:IF FL<.0 THEN PRINT 

Line 280 calculates constants needed later. 

Line 290 N is the order. 

Line 320 calculates constants needed later. NF is the factor 
to convert from the ripple cutoff frequency to the 3 dB cutoff. 

Lines 330-350 are the main part of the program. 

Lines 400-710 the factors convert the Ls and Cs to practical 
units. 

Lines 730-810 calculate and display the tuned circuit 
components and their tuning frequencies. 

Lines 830-860, 870-900, and 910-960 are subroutines to put 
the values of the components in convenient units. 

"That bandwidth is too wide for the centre frequency.":GOTO 180 
210 INPUT "At what frequency Hz ] in the stopband is the 
attenuation known ?", FIIIF FIC.0 THEN 210 
220 IF ( Fl>.FL AND Fl<.FUI THEN 230 ELSE 240 
230 PRINT"That frequency is not in the stopband.": GOTO 210 
240 INPUT "What is the attenuation t dB ] at that frequency ?", 
AMAX:IF AMAX(-3 THEN PRINT"There must be more than 3 dB 
attenuation in the stopband.":GOTO 240 
250 INPUT "What ripple would you like in the passband dB ] ?", 
RIPL: IF RIPLC.0 THEN 250 
260 IF RIPL>6 THEN PRINT " That ripple is ridiculous.":GOTO 250 
270 WN.ABSCiFIsFI-FC.FC)/BW/F1):W0.2sPIsFC:BW.2sPI.BW 
280 N1.1/R/BW:N2.R.BW/WO/WO:N3.13W/R/WO/WIS:N4.R/BW:N5.R/WIS:N6. 
1/R/WO:N7.W0/BW 
290 N.INTIFNACOSHiSORCC10^(.1sAMAX/-11/(10^(.1.RIPL1-1/1 
//FNACOSHiWN//.1:IF N MOD 2.0 THEN N.N.1 
300 PRINT «This filter is of order " 12sNsANGLE.P1/N 
310 IF N>9 THEN PRINT "Sorry I can only calculate components 
for filters of order less than 19.. : GOTO 80 
320 EP.SOR(10^(.1.RIPL)-1)01.10^CRIPL/40):GAMMA. 
FNSINHCLOGiiV.I/VMV-1/V)//2/N):NF.FNCOSH(FNACOSHCl/EP)/N/ 
330 FOR I.1 TO NeA(1).SINii2.1-1/sANGLE/2):8(1). 
GAMMA-2.ISIN(IsANGLE)) -2 
340 IF 1.1 THEN G(I).21:Aill/GAMMA:GOTO 360 
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ters, not 10th order. However the frequency response of all of 
the filters is the same, so these two are often called modified 
10th order bandpass filters. Incidentally, because of the way 
in which bandpass filters are derived from LP filters, some 
texts use the same order for both, i.e. the above filters would 
be called 5th order filters, not 10th. We will stick to the con-
vention of using the number of frequency dependent compo-
nents as the filter order. 
There are many other forms of bandpass filters but we will 

concentrate on the four shown in Figure 3.8. Clearly, the first 
two designs are the simplest. They only have N components 
each, where N is the original filter order. The third and fourth 
designs have 3N/2-1 components each but N/2-1 of them are 
the same which makes them only slightly more complicated 
to build; they are, however, more expensive. All of the filters 
are quite easy to tune. 

Figure 3.9 is a GWBASIC program that calculates the val-
ues of the Ls and Cs for the four circuits of Figure 3.8. To show 
the effect of using the different circuits, Figure 3.10 is a print-
out of the components for each circuit for a Chebychev BP fil-
ter with Fe = 1 kHz, Rsource = Rload = 600 Ohms, passband 
ripple = 1 dB, order = 10. You can see that circuit 3.8a has 
capacitors up to 3 uF and inductors up to 1/2 Henry (500 mH 
or 0.5 H), both of which may be inconvenient. Circuit 3.8b 
reduces the maximum capacitance, but at the price of need-
ing 1.5 H inductors. Circuit 3.8c probably has the easiest 
range of components to obtain, but circuit 3.8d only uses low 
value inductors that are easiest to build. So the choice 
depends entirely on your particular preferences. 

Tuning bandpass filters 
The program of Figure 3.9, as well as giving the component 
values, lists those components that make up each tuned cir-
cuit. This is to simplify the problem of where to put the links 
on the pc board so that the circuits can be tuned. The approp-
riate links are indicated in Figure 3.8 for the 10th order filters 
shown. With the first two filters, each series or parallel tuned 

Figure 3.10. Component values for 4 BP filters calculated 
using the program of Figure 3.9. a) standard form b) dual of 
a) c) uniform shunt inductor design d) uniform series 
capacitor design [the dual of c)] 

Component values for the four types of BP filter in Figure 3.8 
for a filter having : 

Rsource = Rload - 600 Ohms, Centre frequency = 1000 Hz, 
Bandwidth - 200 Hz, Attenuation - 30 dB at 1200 Hz, 
passband 
ripple = 1 dB. Chebychev BP filter, order = 10. 

Circuit 3.8. Circuit 3.86 Circuit 3.8c Circuit 3.8d 

C(1) 2.927 uF 24.037 nF C(1) 24.037 nF C(1) 2.556 uF 
L(2) 8.653 mH 1.054 H L(2) 920.224 mH L(21 8.653 mH 
C(3) 47.031 nF 1.496 uF L(3) 133.575 mH C(3) 371.041 nF 
L(4) 538.582 mH 16.931 mH C(4) 24.037 nF C(4) 2.243 uF 
C(5) 4.115 uF 17.100 nF L(5) 807.561 6H LIS) 0.653 6H 
L(6) 6.156 mH 1.481 H L(6) 112.664 6H cuo 312.4055 nF 
C(7) 47.031 nF 1.496 uF C(7) 24.037 nF C(7) 2.301 uF 

L(8) 538.582 mH 16.931 mH L(8) 828.472 mH L(8) 8.653 mH 
C(9) 2.927 uF 24.037 nF L(9) 112.664 mH C(9) 312.955 nF 
L(10) 8.653 mH 1.054 H C(I0 24.037 nF C(10) 2.243 uF 

L(11) 807.560 mH L(11) 8.653 mH 
L(12) 133.575 mH C(12)371.041 nF 
C(13) 24.037 nF C(13 2.556 uF 
L(14) 920.224 mH L(14) 8.653 mH 

circuit is easily isolated and tuned. With the last two filters 
each tuned circuit is more complicated, consisting of one 
capacitor and three inductors for the third, and one inductor 
and three capacitors for the fourth filter. The first and last 
tuned circuits of c) and d) only have three components. 
With band pass filters, all tuned circuits are aligned at the 

centre frequency. If you have a signal generator with a low 
output impedance (less than 1 Ohm), you can inject directly 
into the series tuned circuits. If you like the idea of direct 
injection and your generator has, say, 50 Ohms output impe-
dance, you can probably get enough signal by dividing the 
output down with a 47 Ohm and 1 Ohm resistor in series. 
Taking the output across the 1 Ohm resistor will give the 
necessary low impedance. 

If you do this, you don't really need to have single turn tun-

- to page 110. I> 

350 G(I).4(tA(1-1).A(I)/8(1-1)/G(I-1) 
360 NEXT I 
370 FOR I.I TO N: G(I).NF.G(I):NEXT I 
380 FOR I.1 TO N t ON X GOTO 390,430,470,590,970 
390 IF I MOD 2.1 THEN C.0(1)4041:L.N2/6(1)sGOSUB 910: 
GOSUB 030, DOTO 410 
400 C.N3/G(1):L.N4aG(1),GOSUB 910:GOSUB 930 
410 PRINT USING .55114155 ***** . 1141415 
1.2.0I-1),A3S,SC,A611 
420 PRINT USING " 55114155 ***** . 1141115 
A311,SL,A5St GOTO 720 
430 IF I MOD 2.1 THEN C.N3/G(I):L.N448(1):GOSUB 910: 
GOSUB 830,80TO 450 
440 C.NIttG(I):L.N2/G(I):GOSUB 910tGOSUB 830 
450 PRINT USING .55411$55 ***** . 8005 5"1A2S. 
1.2.(1-1),A3S,SC,A6S 
460 PRINT USING . 551111\5 ***** . 111105 
2.1,A3S,SL,A5S t GOTO 720 
470 C.N3/0(1):GOSUB 910 
480 PRINT USING . 5511:155 ***** . 1111115 
1.3a(I-1),A3f,SC,A6S 
490 IF ( I.1 OR IN) THEN 530 ELSE L. 
N5aG(1).(1,47-1/SOR(G(1)46(1-1))-1/SOR(G(I)4G(I.1))):GOSUB 830 

500 PRINT USING .55114155 ***** . 01185 \" I 
Al$,24.3.(1-1),A3S,SL,A5S 
510 L.N5a0(1)/SOR(G(1).G(1.1)):GOSUB 830 
520 PRINT USING " 5\111155 ***** . 114M15 
3+3.(1-1),A3S,SL,A511:GOTO 720 
530 IF IN THEN 570 ELSE L. 
N5103(1).(147-1/SOR(0(1).13(2))),GOSUB 830 
540 PRINT USING .551111\5 ***** . 111HI5 
2,A3S,SL,A5S 
550 L.N5.8(1)/SOR(G(1)4G(2)):GOSUB 830 
560 PRINT USING .55**55 ***** . 4141115 5. :Alt,3, 
A3S,SL,A5S:GOTO 720 
570 L.N5aG(1)4(N7-1/SOR(0(1)46(1-1))):GOSUB 830 
580 PRINT USING " 5511115511111ffl.1141115 
3.1-1,A3S,SL,A5f:GOTO 720 
590 IF ( 1.1 OR I-N) THEN 640 ELSE C. 
N6a8(1).(N7-1/SOR(G(ItaG(1-1))-1/SOR(G(1)4G(I,1))):GOSUB 910 
600 PRINT USING .55114155 ***** . 1111115 
1.3.(1-1),A3S,SC,A6S 
610 L.N2/6(1):GOSUB B30tPRINT USING " 55111155 ***** . 
MIN\ 5.015,2.3.(1-1),A3S,SL,A5S 
620 C.N6a8(1)/SOR(G(I)4G(I+1)):GOSUB 910 
630 PRINT USING " 551105\ ***** AMIN\ 

A2S,34.3.(f-1),AeS,M,A6i:GDTO 720 
640 IF IN THEN 690 ELSE C. 
N6aG(I)a(N7-1/SOR(G(1).G(2))):GOSUB 910 
650 PRINT USING .55111155 ***** . 1MN15 A:$,I,ASS,SC0161 

660 L.N2/6(1):GOSUB 830:PRINT USING " 55110,55 ***** . 

111105 5";AIS,2.3.(1-1),A3S,SL,A5S 
670 C.N64G(1)/SOR(G(1).G(2)):GOSUB 910 
680 PRINT USING .5511$155 ***** . 111Mt5 
3,A3S,SC,A6S:GOTO 720 

690 C.N648(1).(N7-1/SOR(G(I).G(1-l))):GOSUB 910 
700 PRINT USING " 551111\5 ***** . 1MMI\ 
1.3.(1-1),A3S,SC,A6S 
710 L.N2/0(1):GOSUB 830:PRINT USING . 5501:155 ***** . 
SIM\ 5";AIS,2.3a(1-1),A3S,SL,A5$ 
720 NEXT 1 
730 F.FC:GOSUB 870 
740 FOR 1.1 TO NtON X GOTO 750,730,760,790 
750 PRINT USING .5 \MN\ \SP\ 51111e.tlell5 5.0k4S, 
2.1-1,A101,2.1,A7S,F,A8S:GOTO 820 
760 IF ( I.1 OR I.N) THEN 770 ELSE PRINT USING 

50415 5005 5005 511S5 511011.110415 5011S,3.(1-1),A9S, 
1.3.(1-1),A10S,2.3*(1-1),A10S,3.3.(1-1),A7S,F,ABS:GOTO 820 
770 IF I.N THEN 780 ELSE PRINT USING " 5 5M5 5115 505 \W. 
UM\ 5.;A4S,I,A10$,2,A10S,3,A7S,F,A8StGOTO 820 
780 PRINT USING " 5 mis5 \Ns\ \NS\ 5000.00115 5.0,111S, 
3.(1-1),A9S,1.3.(1-1),A10$,2.3.(1-1),A7S,F,ABStGOTO 820 
790 IF ( 1.1 OR IN) THEN 800 ELSE PRINT 
USING .5 \MY\ 50115 \ NM\ 5005 \IMIN.M(1115 5.0114S,34(1-1), 
A9$,1.3.(1-1),A10S,2.3.(1-1),A9S,3.3.(1-1),A7S,F,A8S:GOTO E120 
800 IF I.N THEN 810 ELSE PRINT 
USING .5 501$5 50115 \MI5 5M111.M11115 5.0:14$,I,A10S,2,A9S,3, 
A7$,F.AElfsGOTO 820 
810 PRINT USING . 5 MIN\ 5005 5005 511M0.1111M5 5)945, 
3.(1-1),A9S,14.3.(1-1),A101t,24-3.(1-1),A7S,F,A8StGOTO 820 
820 NEXT I: GOTO 970 
830 IF L>1 THEN SL-L,955" Henries ", GOTO 860 
840 IF L>.001 THEN SL.L.1000:A5S.. milliHenries .:GOTO 860 
850 SL.L.1000000!:A5S." microHenries" 
860 RETURN 
870 IF F>.1000000! THEN F.F/1000000!,A8S." MHz .:GOTO 900 
880 IF F>.1000 THEN F.F/1000:1185.. kHz":GOTO 900 
890 ABS." Hz " 
900 RETURN 
910 IF C>1 THEN SC.C1A6S." Farads " tGOTO 960 
920 IF C>.001 THEN SC.C.1000:A6S." milliFarads":GOTO 960 
930 IF C>.000001 THEN SC.C41000000!:A6S." microFarads .:GOTO 960 
940 IF C>1E-09 THEN SC.C.1E+09tA6S." nanoFarads " tGOTO 960 
950 SC.C.1E.12:A6S." picaFarads 
960 RETURN 
970 INPUT "Would you like to try a different circuit with the 
same data or N 1 7" , VS 
980 IF ( Yff..Y . OR Y$..y . ) THEN SW.1:GOTO BO 
990 PRINT " End of programme..:END 
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Geoff has managed to get hold of a limited 
quantity of genuine PAPST fans. They're 
the 75mm type for 220V operation. 
While they last you can have one for 
just $25.95 

IC SPECIALS 
2764 200nS 8k x 8 CMOS EPROM 12.5VPP. These are 
prime quality, not factory seconds or floor sweepings! 
And they're only $5.99 each 
CD4503/80C97 Hex CMOS 

Tri-State Buffer 35c each 

AVAILABLE AT LAST 

PORTASOL PROFESSIONAL 
(it's the complete kit!) 
It's a gas soldering iron...it's a blow torch...it's a hot 
knife...it's a hot blow. And it comes in a neat carry kit 
complete with a bit wiper. No cords or batteries yet it gives 
the equivalent of a 10 to 60W iron. You can get up to 90 
minutes average continuous use from a single fill. And you 
refill it in seconds using a standard butane gas lighter refill. 

Tip temperatures as high as 400°C can be set. The kit 

includes one soldering tip, a hot knife, blow torch and hot 
blow. The cap contains a flint lighter. The complete kit comes 
in a handy case (with stand for the iron) which just about fits 
in your pocket. Porta-Sol Professional Is $81.00. 
PORTA SOL STANDARD SOLDERING IRON 
Geoff has sold hundreds of 'em to servicemen and 
technicians. Complete and ready to use like the Professional 
but you only get the iron and bit $39.95. 
PORTASOL TIPS 
Expand the capability of your Portasol Iron with spare tips - 
available for standard iron in 1mm, 2.4mm, 3.2mm, 4.8mm 
and hot knife tip. Professional tips come in same sizes plus 
hot blow and blow torch. Tips are nol interchangeable 
between irons, so specify Standard or Professional when 
ordering. Tips are all $12.95 each. 

IBM and Compatible PC Users! 
Save a power point - Get a rewireable IEC plug from Geoff. 
It's so easy - on the back of your PC you'll find an IEC outlet 
which is controlled by the power switch on the computer. So 
chop the mains plug off your monitor and connect the L2298 
and hey presto you'll never forget to switch your monitor off 
again! Quality Belling Lee (Geoff has a full range of IEC 

...connectors) Ask for L2298 at only $4.75 

11/4 .  

8.30 to 5 Monday Io Friday. 8.30 to 12 Sat. 
Mail Orders add $5.00 ro cover postal charges 

All prices INCLUDE sales fax. 

Tax exemption certificates accepted if line value 
exceeds $ 10.00. 

BANKCARD, MASTERCARD, VISA, CHEQUES 

(D'on't Forget - it's still 

WOOD for 

CHIPS 

(Silicon Chips of 
course!) 

This month we're 
listing a few of our 
stock items in the 
linear range. 
Whatever your 
requirement give 

Geoff a call 
VOLTAGE REGULATORS 
LM3041-1 $6.05 

LM305AH $585 
LM305H $1 75 
L M3091-1 $5.45 
LM309K-STEEL $5.90 
LM317H $7.30 
LM31711VH $ 10.85 

0.1317HVK-STEEL 
$10.85 

1.11317K-STEEL $6.60 

LM317KC $5 20 

0.1317MP $ 1 85 

LM317T $1.05 
LM320H-5.0 $9.65 

LM320K-12 $7.70 

0.1320(.15 $ 7.70 
LM320(-5.0 $ 7 70 
LM32C4.1P-12 $3.25 

LM3204.1P-15 $125 
0.1320MP-5.0 $325 
LM320T- 12 $170 
LM323K-STEEL $5.50 

LM325N $10.75 

LM326H $11.75 

LM326N $10.75 
LM330T-5.0 $1.75 

LM333K-STEEL $ 14.35 

L M333T $6.70 
L113371-1 $7.95 
LM337HVH $13.90 

LM337HVK-STEEL 
$17.45 

0.1337X-STEEL $9.15 

LM337LZ $1.40 
LM337T $2.55 
LM338K-STEEL $ 13.25 
LM34CK• 15 $590 
LM34CKC-12 $2.30 

LM340KC-15 $2.50 

LM340KC-5 O $2.25 

0.1340T-12 $oso 
LM340T-15 $0 75 
LM340T-5.0 SO 80 

LM341P•12 $1.35 
LM341P-15 $1.35 

04341P-5.0 $ 1.35 
043429-12 $ 1.20 

LM342P-15 $1.20 

LM342P-5 0 $ 1 20 
0.1350C-STEEL $9.65 

LM376N 50 90 
0.1396K- STEEL $31.90 

LM723CN $0 80 
LA129251 $4.60 

0.12933T-8.0 51.75 

LM2931CT S3 05 
0.129351 $4 80 
LM2940CT•5.0 $2.80 

LM3524N $3 65 
LM7619)IN $3 10 

LM78L12ACH $2.05 

LM78L12ACZ $0.60 

0.178LI5ACZ $0.50 
L M7905CK $4.15 

.,./...1.7912CK $2.55 

0.17915CK $2.55 

LM7905CT $ 1.00 
LM79I2CT 51.00 
LM79I5CT $1.40 

LM79L05ACZ $0.80 
0.179L12ACZ SO 90 
LM79L15ACZ $0O. 70 
VOLTAGE REFERENCES 
LM113M $19 70 

LM3I3M $11 83 
LM329BZ $350 
LM329CH $540 
LM3290Z $ 1.15 
LM334Z S2 25 

0.4336Z-2.5 51.90 
LM336Z.5.0 51 90 
0.13681+5.0 $ 11.50 

LM385Z-1.2 S2 40 
LM385Z-2.5 52 40 
0.13991-1 $6 15 

LM3993Z $4.75 
VOLTAGE COMPARATORS 
0.1306M $16 85 
LM3I1H $ 1.85 
LM311N $ 1 20 

Ont 9N $2.65 
LM339AN $2 60 

LM339N $0 60 
LM360N $795 

LM360N-I4 $7 95 
LM36 IN $4 60 

LM392N $1 25 
LM393N $1.05 

LM710CH $ 1.55 
LM ,4I4N $2 40 
L M3302N $ 1 20 
AUDIO AMPLIFIERS 

L M380N SI 90 
LM380N.8 SI 90 
LM381AN $6 40 
LM38 IN $3.95 

LM382N 
LM383AT 

LM384N 
LM386N-1 
LM387N 

LM388N-
L 11389N 

L M390N Si 95 
LM1875T $8.00 

INSTRUMENTATION 
AMPURERS 

0.13630 S38 80 
L M 363H- 10 $24.03 

LM363H-5C0 $24.03 
LM725CH 59.20 

OPERATIONAL 

AMPLIFIERS 
L M 10C,L H $8.30 

LMIOCLN $5.95 

LMIOCN 59 30 
LMVICH 

0.111CLH 
0.111CLN 
LUI 1CN 
LM301 AH 

LM301AN 
L M307H 
L M308A H 

0.13084N 

L M309.-1 
L M308N 

0.13101.1 

LM3 1 ON 
04312H 

LM316/-1 

LM318N 
04321AM 

0.13211.1 
0.1324AN 

LM324N 
LI.1344H 

LM346N 
LM348N 

$3 05 
$4 50 

$3 50 
$1 65 

$2.80 
$2 40 

$2 40 

$9.75 
$6.70 

53 30 
$3.50 
$1.30 
$0 70 

51.95 

$6 95 
$5 10 

$2.45 
51.00 

$4.20 

54.25 
$6.00 
$11.20 

$2.20 
$28.05 

510.15 

14.70 

$0.60 
511.20 
$4.75 
51.90 

0.1349N 52 20 ***\ 
LM358N $0 50 

LM359N $3 10 
LM709CN SI 25 
LM733CH S2 45 
LM733CN 51 05 
LM741Cm $0130 

LM741CN SO 50 
0.4741CN-SGS $0 30 
LM 747CH SI 60 

LM747CN 51 
LM833N 51 90 
LM1458H $2 80 

0.11458N 50 55 

LM3093N 51 40 

LM39CON SO 90 
LM4250CN $2 30 

LM 13080N $2 25 
LM 13600N 52 25 
LM13700N $2 25 
TRANSISTOR ARRAYS 
LM394CH 55 40 
LM194CN $5 40 
LM3341-1 $7 40 

LM395T $3 85 
LM3046N SI 5C 

0.13086N 51 15 
L1131 46N S2 15 
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The projects and circuits chosen for in-
clusion in the Elektor section are 
selected on the basis of interest, local 
relevance and component availabili-
ty. Intending constructors should con-
sult our 'PROJECT BUYERS GUIDE' in 
this issue for a guide to component 
sources and possible kit suppliers. 
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THE DIGITAL AUDIO 
TAPERECORDER 

Earlier this year, a number of Japanese manufacturers introduced 
a new type of personal taperecording system, which has become 
known as Digital Audio Taperecorder-DAT. Although this system 
ran into immediate problems with the combined might of the 

western world's record makers and composers' and music writers' 
organizations (which at the time of writing have still not been 

wholly resolved), it appears that it is here to stay. 

There is as yet no standard for 
the DAT or the tape cassettes, 
although proposals have been 
submitted to the International 
Electrotechnical Commission. 
Data, standards, and specifi-
cations referred to in this article 
are as contained in those pro-
posals. 

Cassette 
The information carrier is a 
magnetic tape of 3.81 mm width 
rolled on flangeless hubs in-
stalled in a cassette with a slider 
and a lid protecting the tape 
from accidental damages. The 
tape is a metal powder type or 
its equivalent. 
Information is recorded on 
oblique tracks formed by heli-
cally scanning magnetic heads 
and can be erased by over-
writing. Information is read by 
magnetic heads that follow the 
tracks with the aid of Automatic 
Track Finding—ATF. 
The external dimensions of the 
cassette are 73 x 54 x 10.5 mm: it 
is thus somewhat smaller than 
the compact audio cassette. 

Recorder mechanism 
The mechanism of the recorder 
resembles that of a video 
cassette recorder—VCR—but it 
is somewhat smaller (roughly 
the same size as the mechanism 
of a Video-8 machine). 
The rotary head drum has a 
diameter of 300 mm and rotates 
at a velocity of 2000 rev/min. 
The angle at which the tape lies 
around the drum is 90°. The nor-
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Fig. 1. The digital audio tape cassette is somewhat smaller than the 

compact audio cassette. 

mal tape speed is low: only 
8.150 mm/sec. The resulting 
relative tape speed is, 
therefore, 3.130 m/sec (the tape 
speed in a VHS video recorder 
is 4.85 m/sec). Other tape 
speeds are: 4.075 mm/sec (half 
speed) and 12.225 mm/sec 
(wide track). 
The track pitch is 13.591 pm in 
normal track mode and 
20.410 pm in wide track mode. 
The track length is 23.501 mm 
(normal mode) and 23.471 mm 
(wide track mode). 
The track angle (tape running) 
is 6°22'59.5" in the normal 
mode and 6°23'29.4" in the 
wide track mode. The azimuth 
angle of the two heads is 
+ 20° + 15' (see Fig. 3). 
The above, and some other, 
data are summarized in Table 1. 
Since there are only two heads 
and the tape runs along only a 
quarter of the drum diameter 

Table 1 

Tape width 3.810 mm 

Recording width 2.613 mm 

Track centre 1.905 mm 
Tape speed (normal) 8.150 mm/s 

(halt speed) 4.075 nun's 

(wide track) 12.225 mmis 

Track length 23.501 mm 

Track pitch (normal) 13.591 pm 

(wide track) 20.410 pm 
Trank anglelnormall 6°22'59.5" 

(wide track) 6°23'29.4" 

Head azimuth ± 20° ± 15' 

Optional track 1 

Optional track 2 

0.5 mm 

0.5 mm 

Table 1. Tape specifications 

(normal model. 
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(see Fig. 3), the heads will scan 
the tape for only half the total 
usable time. This means that the 
data have to be stored on the 
tape in time-compressed form: 
during reading they have to be 
expanded again. The output 
signal of the heads is shown in 
Fig. 4. 
The small angle between the 
tape and the head drum gives 
the advantage that pull on the 
tape is small, and also that even 
during fast forward or rewind 
operation the tape can remain 
in contact with the drum. This is 
essential to facilitate finding a 
specific passage on the tape 
quickly (at 200 times normal 
tape speed). The pull on the 
tape is then about the same as 
that on normal video tape. 

Recording parameters 
Recording parameters are sum-
marized in Table 2. Information 
is recorded on a main data area 
as well as on a sub data area, 
exactly as on a compact disc. 
However, the sub data area is 
about 4.5 times as large as that 
on a CD. 
The composition of a single 
track is shown in Table 3. It is 
seen that the largest part of the 
available space is occupied by 
modulation and subcodes, but 
the track also contains 
synchronization data and Auto-
matic Track Following—ATF— 
zones. These zones enable 
automatic tracking of the heads. 
The individual function blocks 
are separated by the Inter Block 
Gaps-IBG. This separation is 
necessary to enable writing in 
the sub data area without affect-
ing the modulation data. In prin-
ciple, only the main data and 
sub data areas are of import-
ance to the user, because these 
are the parts that are audible to 
him. 

From analogue to 
PCM 
It is seen from Table 2 that the 
normal recording and playback 
sampling frequency is 48 kHz 
(the other sampling fre-
quencies will be reverted to 
later). Sampling is carried out at 
a resolution of 16 bits. This 
means that every 21 ps a portion 
of the analogue input signal is 
translated into a 16-bit code. 
This happens simultaneously 
for the left-hand and right-hand 
channels. The digital data are 

Fig. 2. Arrangement of the tracks on the tape. 

Fig. 3. Exploded view of a digital audio tape cassette. 

Table 2 

Number of channels 
Sampling frequencies 
Quantization 

Encoding 
Error correction 

Sub code 
PCM capacity (each track) 

ID codes 
ID capacity (each track) 
Transfer speed 
Information density 

2 ( optionally 4) 
48 kHz; 44.1 kHz; 32 kHz 
16 bits linear ( optionally 
12 non-linear) 
2 complement 
double Reed-Solomon code 

273.1 kbit/s 
4 kbit 
68.3 kbit/s 
1 kbit 
2.46 Mbit/s 
114 Mbit/in2 

Table 2. Technical parameters of the DAT system. 

subsequently processed in 
serial form. The data stream 
consists, therefore, of 
48 x 103 x 16 x 2 = 1.536 Mbit/s. 

Processing of PCM 
data 
The PCM data are encoded ac-
cording to the Reed-Solomon 
code, which is also used in CD 
technology. However, in con-
trast to the CD process, the DAT 
technique uses the product 
code of two Reed-Solom codes, 
which results in an inner and an 
outer code. The inner code 
contains the data bits and the 
parity bits derived from these 
according to a certain pattern. 
This encoded block is sur-
rounded by the outer code, 
which forms its own parity bits 
form data contained in the inner 
code. After this, the data are in-
terleaved, i.e., shifted in time, to 
enable reconstruction of a 
possibly lost data bit. 
The Reed-Solomon coding and 
interleaving result in a data re-
dundancy of about 37%, which 
causes the data stream rate to 
increase to some 2.45 Mbit/s. 
Added to this are the sub data 
information, such as the sam-
pling frequency, the number of 
channels, copy protection, and 
so on, which finally gives a data 
stream rate of 2.77 Mbit/s. 
The data thus composed are 
divided into blocks of 288 bits. 
The modulation zone of a track 
can contain 128 of these blocks, 
each comprising 32 bytes: a 
total of 4096 bytes. Of these, 
only 2912 bytes are real data: the 
remainder serve for error cor-
rection. 
To increase the reliability even 
further, the data are divided 
into blocks, each of which con-
tains the even samples of one 
channel and the odd ones of 
the other channel. These 
blocks are cross-interleaved 
onto the + azimuth tracks as 
shown in Fig. 6. In this way, 
even when a complete track is 
lost, or a head malfunctions, 
reconstruction is possible by 
interpolation of the adjoining 
tracks. 
Since the heads are in contact 
with the tape for only 50% of the 
time, the data can not be read or 
written in real time. The PCM 
data are, therefore, stored in a 
2 x 64 kbit auxiliary memory at 
the sampling frequency, then 
read at a higher clock fre-
quency, and subsequently writ-
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Fig. 4. The output signal of the heads consists of a series of bursts. 
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Fig. 5. The composition of the main data area in Table 3. 

ten onto the tape. In this 
manner, the rate of the original 
2.46 Mbit/s data stream is in-
creased to 7.5 Mbit/s. 

Modulation of data 
When writing the data onto the 

tape, they are not truly 
modulated, but subjected to an 
8-to.- 10 conversion. Because of 
the consequent Non Return to 
Zero—NRZ—a signal edge is 
only generated if the bit is 1. In 
this way, the frequency spec-
trum on the tape is reduced, 
which is necessary in view of 

Fig. 6. Illustrating the cross-interleaving of the channels in the 

modulation range. Areas Q are separation zones between the data 
areas. 

7 

Fig. 7. The JVC Digital Audio Taperecorder. 

certain properties of the heads 
and the tape. 

Playback 
During playback, the oper-
ations of the recording process 
are carried out in reverse order. 

Table 3 

Areas Contents Number of blocks 

Marginal area Margin 1 11 

Pre-amble 1 2 
Sub area 1 Sub data area 1 8 

Post amble 1 1 

IBG 1 3 ( 2) 
ATF area 1 ATF 1 5 ( 7.5) 

IBG 2 3 ( 1.51 

Pre-amble 2 2 
Main area 

Main data area 128 

IBG 3 3 ( 2) 
ATF area 2 ATF 2 5 ( 7.5) 

IBG 4 3 ( 1.5) 

Pre-amble 3 2 

Sub area 2 Sub data area 2 8 
Post amble 2 1 

Marginal area Margin 2 11 

Note: The number in parentheses is for wide track mode. 

Table 3. The format of a track ( signal allocation) is in accordance with this table. 

First, the clock frequency is ex-
tracted from the HF signal pro-
duced by the heads, after 
which the signal is reconverted 
from 10 to 8 bits. Subsequently, 
the cross-interleaving of the 
data has to be negated, for 
which the same 2 x 64 bit auxili-
ary memory is used. Here, the 
data are first written and then 
read again in the correct order. 
The sub data are separated 
from the remainder of the infor-
mation and fed to the system 
control circuits. 
Next, an error correction is car-
ried out with the aid of the 
double-coded Reed-Solomon 
code. After this, digital sound 

data are available which can be 
processed in a manner similar 
to those in a CD player. These 
data are controlled by a digital-
to-analogue converter, which 
may operate with twice or four 
times oversampling to avoid the 
necessity of steep-skirted 
analogue filters. 

Sampling frequencies 
So far, it has been assumed 
that the input signal is analogue, 
for which the sampling fre-
quency is 48 kHz. This fre-
quency is also used for the 
copying of other DAT tapes (but 
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Fig. 8. In the NRZ process a signal edge is generated for each logic high bit. 
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Fig. 9. Block schematic of a typical digital audio taperecorder. 

not proprietary pre-recorded 
ones—see under). 
The 32 kHz sampling frequency 
is used for 4-channel recording 
of analogue input signals. It is 
also intended for future re-
cording of digital satellite chan-
nels. With this low sampling 
frequency, the frequency range 
is limited to 15 kHz. 
The sampling frequency of 
44.1 kHz (the same as that of 
compact discs) is provided for 
the playback of proprietary pre-
recorded tapes. This enables 
makers of these tapes and CDs 
to use the same mother tape in 
the production process. 
The DAT has a copy protection 
circuit that prevents the direct 
recording from compact discs. 
This is incorporated at the in- Fig. 10. Typical DAT recorder mechanism. 

sistence of the record industry 
in the western world, backed 
by their respective govern-
ments. In view of the regret-
table failure by governments to 
protect these industries against 
the nefarious copying of gramo-
phone records, this decision 
must be welcomed by any sen-
sible person. None the less, 
there have already been 
rumours that some DAT 
manufacturers are threatening 
to market DATs without copy 
protection. Fortunately, many 
governments have already 
countered these by prohibiting 
the manufacture or import of 
such recorders in their 
countries. It must be hoped that 
all western countries will be 
united in this determination. 
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THE BIRTH OF SATELLITE 
COMMUNICATIONS 

Twenty-five years ago worldwide communications entered a new 
era. Telstar, the world's first commercial communications satellite, 
was launched on July 10, 1962, and the first live television signals 
via satellite were received by British Telecom's Goonhilly earth 

station in the early hours of the following morning. 

In October 1945, the magazine 
Wireless World published an 
article by Artur C. Clarke, today 
probably better known as the 
autor of 200I—A space Odyssey, 
entitled Extra-terrestrial re-
lays—can rocket stations give 
worldwide radio coverage? 
Arthur C. Clarke commented in 
his article: "Many may consider 
the solution proposed in this 
discussion too farfetched to be 
taken very seriously." Yet his 
idea was to prove the blue-print 
for today's satellite communi-
cations network. 
He accurately predicted the or-
bital velocity that a rocket 
would need to become an ar-
tificial satellite, or second 
moon, circling the world with 
no expenditure of power. He 
also predicted that a satellite 
circling the earth above the 
equator at a certain height 
would appear to be stationary 
to the earth and that three such 
satellites could give global 
radio coverage. 
He further predicted that devel-
opment of rocket technology, 
started by the Germans during 
the second world war, would 
soon make it possible to place a 
satellite in orbit. 
Today, reality has caught up 
with science fiction as British 
Telecom International-BTI-
handles more than three million 
minutes of telephone calls, tele-
vision pictures, data, facsimile, 
and telex, every day through 
Goonhilly and its other inter-
continental links. 
About 90 per cent of the world's 
telephones—some 600 million 
of them—in 173 countries can 
be dialled direct from the 
UK. Telephone services are 
provided to more than 200 
countries and each day more 
than 500,000 calls are connec-
ted from the UK to the other 
countries. 

Fig. 1. The Olympus satellite is one of the largest and most 

powerful in the world. Photograph courtesey of British Aerospace. 

The early Telstar 
demonstrations and 
tests 
In the Spring of 1961 it was 
jointly announced in the United 
Kingdom, the USA and France 
that the US National Aeronautics 
and Space Administration 
(NASA), the French Centre for 
Telecommunications Studies 
and British Telecom, as its 
predecessor Post Office Tele-
communications, would co-
operate in a programme for 
transatlantic testing of corn-

Fig. 2. A small section of Goonhilly Downs Earth Station: in the 
foreground Aerial No. 7. Photograph courtesy of British Telecom. 

munications satellites. 
At the same time it was an-
nounced that satellite earth sta-
tions would be built in England 
and France " for the reception 
and transmission of telephone, 
telegraph and television signals 
across the Atlantic using 
satellites to be launched by 
NASA during 1962 and 1963." 
Work began shortly afterwards 
to build the UK's first satellite 
station at Goonhilly Downs in 
Cornwall. The site was chosen 
because it was as far west as 
possible to obtain the maximum 

period of visibility to the United 
States via the satellite, to be 
remote from sources of elec-
trical interference, and to pro-
vide an onobscured view to the 
horizon for the longest possible 
contact with the satellite. 
In less than a year from gaining 
access to the site the station was 
ready. A massive, steerable 
dish antenna, weighing 870 . 
tonnes with a 25.9m dish had 
been built. All of the equipment 
on the station was of British 
design and manufacture, with 
the exception of one American 
transmitting klystron valve. 
The British design was the odd-
man-out among the three earth 
stations to be used for the tests. 
Both the American station at An-
dover, Maine, and the French 
station at Pleumeur Bodou in 
Britanny were equipped with 
horn antennas housed in 
radomes. The British station had 
cost around £800,000 to com-
plete, about a quarter of the 
cost of the American and the 
French stations. 
In early July 1962 it was an-
nounced that Telstar would be 
launched from Cape Canaveral 
on either July 10 or 11. 
The successful launch took 
place at 8.35 GMT on Tuesday, 
July 10, and the desired orbit 
was achieved. With Telstar 
circling the earth at heights 
varying between 590 and 3500 
miles, it was possible to achieve 
three or four periods during 
each 24 hours when mutual 
visibility between Goonhilly 
and Andover lasted for 30 to 40 
minutes. 
During these periods the anten-
na at Goonhilly had to be ac-
curately manoeuvred to follow 
the satellite from the moment it 
rose above the horizon until it 
again disappeared from view. 
The signal transmitted from the 
antenna to the satellite was con-
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centrated into a narrow beam, 
one- fifth of a degree in width, 
so absolute precision was 
necessary. To maintain this ac-
curacy in high wind meant that 
the antenna had to be massive 
and sturdy. In order to move the 
antenna so accurately it was 
equipped with electric motors 
of some 100 horse power. How-
ever, the engineering design 
resulted in such good balance 

and smooth movement of the 
antenna that normaly less than 
two horse power was required 
under reasonable weather con-
ditions. 

The primary purpose of the 
Telstar satellite tests was to ac-
quire data on which to base the 
future design of satellite 
systems for commercial oper-
ation. However, during the 
period from July 10 to July 27 a 
number of demonstrations 
were carried out which il-
lustrated the potentialities of 
satellite systems for world-wide 
telecommunications. 

In the early hours of July 11 the 
first usable orbits were the sixth 
and seventh and the first at-
tempt at television reception 
was made. Reception was 
decidedly poor. Some experts 
were quick to blame Goon-
hilly's unique antenna design, 
and The Times described the 
experiment as "an almost total 
failure". Some experts said the 
antenna was too heavy and 
cumbersome to accurately 
track the satellite, others 
blamed the driving mechanism. 
The problem proved to be that 
one component had been fitted 
the wrong way round and it was 
a twenty-minute job to correct 
it. The effect of the incorrect fit-
ting had been to reverse the 
direction of the wave polariz-
ation of the antenna, relative to 
that of the satellite, introducing 
a serious weakening of the 
strength of signals received. 
The problem arose because of 
an ambiguity in the accepted 
definition of the sense of ro-
tation of radio waves; a difficulty 
which had been encountered 
both in the USA and the UK in 
the period just before the tests. 
With the correction made, ex-
cellent pictures were received 
on orbit 15 during the evening 
of July 11, and during orbit 16 
the first live television trans-
mission between Europe and 
the USA was made from 
Goonhilly to Andover. The pic-
tures and sound received at An-
dover were reported to be of 

Fig. 3. The first of the dish antennas to be installed at Goonhilly 

Downs. Photograph courtesy of British Telecom. 

Fig. 4. Aerial 6 is Goonhily's largest dish with a diamter of 32 m. It 
was also the first " dual frequency" antenna, able to transmit and 

receive on two different frequencies simultaneously. Photograph 

courtesy of British Telecom. 

Fig. 5. The latest of the antennas (No. 10) to be installed at 
Goonhilly Downs. Photograph courtesey of British Telecom. 

excellent quality and were 

broadcast as received through-
out the USA. 
On July 12 the first two-way 
transatlantic telephony tests 
were made, showing that good-
quality, stable telephone cir-
cuits with low noise levels had 
been achieved. These tests 
were to be followed two days 
later by the first transatlantic 
telephone call and photo-tel-
egraphy (facsimile) trans-
mission via satellite. 

On July 14 during orbit 34, the 
director general of the Post Of-

fice, Sir Ronald German, spoke 
from his home in London to the 
president of American Tele-
phone and Telegraph Co 
(AT&T), Mr. Eugene McNeely, in 
New York. Simultaneously, one 
pair of channels was used to 
send facsimile pictures be-
tween London and New York. 
On July 15 tests to assess the 
ability of a communications sat-
ellite to carry large numbers of 
telephone circuits were carried 
out during orbit 43. These 
demonstrated that at least 600 
first-grade international circuits 
should be possible by satellite. 
The first transmissions of colour 
television signals by satellite 
were made from Goonhilly dur-
ing orbits 60 and 61 on July 16. 
With the co-operation of the 
BBC's research and designs 
department, who provided a 
colour slide scanner and moni-
tor equipment, the signals, on 
525-line NTSC standards, com-
prised captions, test cards and 
still pictures to assess colour 
quality. The transmissions were 
initially made from Goonhilly to 
the satellite and back to 
Goonhilly but were also re-
ceived in Andover. Andover 
reported: "Colour—good; pic-
ture quality—excellent". 

During orbit 87 on July 19 satel-
lite communications were 
opened up to the press. 
Twenty-four calls were made by 
the British press from Fleet 
Building in London, to the 
American press in New York. 
On July 23 during orbit 125 an 
18-minute long programme 
from the European Broad-
casting Union was transmitted 
from Goonhilly to Andover. The 
programme consisted of 
scenes from many European 
countries and was transmitted 
by the Eurovision link to 
Goonhilly, from Goonhilly to the 
satellite, and was received at 
Andover and broadcast 
throughout the USA. 
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During orbit 151 on July 26, the 
Telstar link between Goonhilly 
and Andover was used to pro-
vide telephone circuits for the 
US Information Agency involv-

ing conversations between 
"notable persons" in 20 pairs of 
cities in the USA and Europe for 
the Agency's "People-to-
People" programme. The cir-
cuits were reported as ex-
cellent. 
The Telstar tests confirmed that 
communications satellites 

could provide high-quality, 
stable circuits for television and 
multi-channel telephony. The 
performance of Goonhilly earth 
station was reported as ex-
cellent in every respect, and 
the equipment, almost all of 
which was of a unique new 
design, had worked well. In 
fact, Goonhilly's antenna 
design was to prove, as had 
Arthur C. Clarke's idea, to be 
the blue-print for the future. 

A brief history of 
Goonhilly satellite 
earth station 
The choice of Goonhilly 
Downs, on the Lizard Peninsula 
in Cornwall, as the site of the 
United Kingdom's first satellite 
earth station, was made for 
exactly the same reasons that 
Guglielmo Marconi chose the 
Lizard for his pioneering work 
in maritime and international 
"wireless" telegraphy. The 
Lizard offers an uninterrupted 
view across the Atlantic and 
little electrical interference. 
The first transatlantic wireless 
message was sent from the 
Lizard on December 12, 1901. 
Three faint but discernible 
"dots" of the Morse letter "S" 
were sent from Marconi's 
transmitter at Poldhu and re-
ceived by him in New-
foundland, Canada. A year later 
Poldhu sent a signal to the 
vessel Philadelphia more than 
2000 miles away in the ocean. 
Long-distance telecommuni-
cations had been born. 
Sixty years later the advance of 
technology had made satellite 
communications, first proposed 
by the author and scientist Ar-
thur C. Clarke in 1945, a realistic 

possibility. The United King-
dom, the USA and France an-
nounced in 1961 that they would 
co-operate in a programme for 
the transatlantic testing of com-
munications satellites. 
The search for a suitable site in 
the UK for the station that would 

Fig. 6. A British Telecom rigger examines the steelwork of Goonhilly 

Earl Station's antenna No. 6. Photograph courtesey of British 
Telecom. 

receive the signals from the 
satellites, ended in the Lizard, 
on the flat expanse of Goonhilly 
Downs. 
The Lizard offered an unim-
paired view of the Atlantic 
horizon, giving the longest 
possible contact with the low-
orbiting satellites then being 
used. It suffered from little elec-
trical and radio interference; 
was well placed to connect 
with inland communications, 
power supplies and transport 
links; and had a climate with 

Fig. 7. A section of the control area at Goonhilly Downs. Photo-
graph courtesey of British Telecom. 

moderate rainfall, little seasonal 
variation in temperature and 
only occasional snow. 
Equally important was the 
geology of the area. The 
serpentine bedrock reaching a 
thousand feet deep would give 
vital support to the massive 
weight of the antennas. 
Within a year of obtaining 
possession of the site, the first 
antenna, the control room and 
its associated equipment were 
installed and ready for the first 
tests which would use the 

Telstar satellite, to be launched 
by the US National Aeronautics 
and Space Administration 
(NASA) on July 10, 1962. 
Those tests confirmed that 

satellites could have a commer-
cial future in international com-
munications. During a period of 
16 days several world-firsts went 
into the record books—the first 
live television transmission be-
tween Europe and the USA, and 
the first telephone calls, fac-

simile transmission and trans-
mission of colour television by 
satellite. 

Because of the low orbit of 
Telstar—between 590 and 3500 

miles above earth—the satellite 
was only usable for three or 
four 30-to-40 minute periods in 
each 24 hours. As the satellite 
raced across the sky from 
horizon to horizon, the antenna 
had to be nimble enough to 
follow the satellite to one- fifth of 
a degree's accuracy during 
each of these brief visits. 
Aerial 1 at Goonhilly was a 
unique design - an 870 tonnes 
"dish" antenna, compared to 
the French and American horn 
antennas enclosed in radomes. 
Some initial problems during 
the first usable orbits of Telstar 
caused experts to blame the 
design of the British antenna, 
but a small problem with a com-
ponent which had been fitted 
faultily proved to be a twenty-
minute job to correct and the 
antenna then went on to estab-
lish its world-firsts. 

Goonhilly Station had cost 
around £800,000 to complete, 
about a quarter of the costs of 
the American and French sta-
tions, and it was the unique 
design of the British dish anten-
na which was to go on to be-
come the norm for satellite 
communications throughout 
the world. The dish design is 
now used generally by nearly 
700 satellite stations in more 
than 150 countries. 

Following the successful tests 
with Telstar an international sat-
ellite organisation was set up in 
August 1964 - INTELSAT. Interim 
agreements were signed by 11 
member nations - the USA, UK, 
Canada, Denmark, France, Italy, 
Japan, the Netherlands, Spain, 
the Vatican City State and 
Australia. Today INTELSAT is 
owned by more than 100 
member countries. 
INTELSAT launched its first sat-
ellite into orbit in April 1965. 
The satellite, INTELSAT I, 
known as Early Bird, was a 
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high-orbiting satellite in "geo-

stationary orbit". 
Arthur C. Clarke had proposed 
in his 1945 paper that satellites, 
circling the earth above the 
equator at a certain height, 
would appear to be stationary 
to the earth's surface—their 
period of orbit would exactly 
match that of the earth's natural 

rotation. That distance was 
22,300 miles above the equator. 
After INTELSAT l's successful 
launch to this height, commer-
cial service opened in June 
1965. 
Arthur C. Clarke had also pro-
posed that three satellites in 
geostationary orbit could give 
world-wide radio coverage. 
A second satellite—INTELSAT 
II—was launched in December 
1966, and at the same time, 
Aerial 1 at Goonhilly, which 
now no longer needed to track 
low-orbiting satellites across 
the sky, had an extra reflecting 
surface added, pushing its 
weight up to 1100 tonnes. 
Satellite communications had 
now truly entered commercial 
operation. As the demand for 
transatlantic TV and telephone 
transmission grew, so did 
Goonhilly with the addition of 
Aerial 2 in 1968. 

By 1969 three geostationary 
satellites were in orbit, fulfilling 
Arthur C. Clarke's prophesy 
of global communications. 
INTELSAT III was positioned 
above the Indian Ocean and de-

mand for satellite communi-
cations with the Far East grew. 
To meet this need Aerial 3 was 
brought into service in 1972. 
Aerial 4 was added in 1978, to 
meet an ever-increasing de-
mand for communications 
across the Atlantic. This was 
also one of the first antennas in 
the world to use the 11/14 GHz 
frequency as soon as it became 
available for business satellite 

communications. 
Demand for satellite communi-
cations grew by 20 per cent a 
year during the 1970s and early 

1980s. Further satellites were 
put into orbit and in October 
1978 a second earth station was 
brought into service by British 
Telecom at Madley in 

Herefordshire. 
Demand for specialist sevices 
also grew during this period 

and in 1983 Aerial 5 at Goonhilly 
was completed to provide satel-
lite services to ships at sea. 

Fig. 8. Children from a nearby primary school being shown a model 

of the Intelsat V satellite. Photograph courtesy of British Telecom. 

tic route. Aerial 6 is Goonhilly's 

largest dish with a diameter of 
32m. It was also the first "dual-
frequency" antenna, able to 
both transmit and receive on 
two frequencies simultaneously 
—doubling potential capacity. It 
entered service in September 
1985. 
While aerial 6 was being built, 
Aerial 7 was also being brought 
into service to provide leased 
TV services to North America. 
With continuing growth in de-

mand for satellite communi-
cations, British Telecom 
announced plans in August 
1983 to built a third earth station 
in London's Docklands, primar-
ily for satellite TV distribution 
and specialised business ser-
vices. The London Teleport, in 
North Woolwich, opened for 
operation in February the next 
year—less than six months after 
site clearance began. 
Aerial 7 at Goonhilly, initially 
used for TV circuits, is now be-

At the same time Aerial 6 was Fig. 9. The antennas are painted regularly: each one takes a 1000 

being built to provide further gallons of marine paint and two full seasons' painting. Photograph 

capacity on the busy transatlan- courtesy of British Telecom. 

ing used for the trial of 

Skyphone—a telephone service 
to aircraft in flight—which is 
due to start by the end of this 
year. 
Meanwhile Aerials 8, 9 and 10 
have been built. These are 
small-dish antennas below 14m 
in diameter. They are used for 
research and development, and 
to provide monitoring and con-
trol facilities on the more than 
130 satellites currently in use. 
Today, development at Goon-
hilly continues. Aerial 6, the 
biggest antenna, has been 
equipped to operate to the 
latest development in satellite 
communications—Time Div-
ision Multiple Access/Digital 
Speech Interpolation (TDMA/ 
DSI). TDMA/DSI means that 
signals from the station are 
grouped and sent by time 
rather than frequency, so that, 

on the principle that during the 
average telephone conver-
sation either party is only 
speaking for one third of the 
time of the call, other groups of 
signals can be sent along the 
same channels during the 
lapses of conversation 
While British Telecom's earth 
station at Goonhilly provides 
vital links for today and tomor-
row, it has not forgotten its 
past—a past that goes back far 
beyond Marconi's early ex-

periments. 
The Lizard Peninsula is 
designated as an Area of 
Outstanding Natural Beauty and 
Goonhilly Downs was Corn-
wall's first National Nature 
Reserve. In developing the 
earth station, British Telecom 
spent £200,000 landscaping the 
scheme to form natural-looking 
mounds, or bunds, inside and 

outside the station's bound-
aries. Local heathers, gorse and 
willow were planted in the 
station, in keeping with the 
natural character of the Downs. 
With little intrusion from the 
public, amidst the silent giants 
of Goonhilly's antennas, the 
local flora and fauna have been 
able to flourish, making 
Goonhilly not only a pioneer in 
high-technology but also a 
botanist's paradise. 
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LONG-RANGE INFRA-RED 
TRANSMITTER-RECEIVER 

by J C Stekelenburg 

This two-way, infra-red, FM, communication system covers line-of-
sight paths of remarkable lengths without the use of expensive 

optoelectronic devices. 

There are many who are con-
vinced that infra-red compo-
nents are only useful for remote 
control systems with a range of 
10 metres or so. Powerful IR 
emitters are well out of the 
financial reach of the average 
home constructor, and their 
usefulness is often rightly 
queried simply because doub-
ling the radiated power hardly 
increases the effective transmit-
ter range. Notwithstanding the 
latest achievements in op-
toelectronic technology, the 
real key to long-distance com-
munication in the infra-red part 
of the frequency spectrum is a 
well-known physical phenom-
enon: beam convergence. 

Principles of 
telecommunication 
Telecommunications engineers 
use calculated, i.e., hypotheti-
cal, models to assess and study 
the technical feasibility of 
point-to-point communication 
links in the available frequency 
bands. A general model of a 
link between an FM (frequency 
modulation) transmitter and re-
ceiver is shown in Fig. 1. At the 
transmitter side, the aerial gain 
is GT, at the receiver side GR. 
In the present case, the centre 
frequency used is 313 THz 
(terahertz, 10 12 Hz), which 
means that the main component 
in the radiated spectrum has a 
wavelength of about 950 mn. 
This is slightly longer than the 
wavelength of the darkest 
shade of red visible to the 
human eye. The tact that infra-
red light is transmitted and re-
ceived makes it possible to use 

Long-range IR transmitter-receiver 

Technical specifications. 

Transmitter. 

Modulation: 

Preemphasis, T: 

Radiant power, Pr: 

Transmitted waveform: 

Supply voltage: 

Maximum current consumption: 

Wavelength 

Spectral bandwidth (- 3 dB), .IA: 

Maximum deviation Ifc= 100 kHz), df: 
Sensitivity of line inputs: 

Receiver. 

Supply voltage: 

Maximum current consumption: 

Deemphasis, r: 

Wavelength: 

VCO range, fo: 

VCO lock range, fr 

VCO capture range, tc: 

FM. 

50 jis. 

0 - approx. 10 mW. 
rectangular, duty factor 

= 0.5. 

12 V. 

approx. 125 mA. 
950 nm. 

± 20 nm. 

± 50 kHz. 

250 mVrms. 

12 V. 

approx. 75 mA. 
50 jis. 

950 nm. 

65 • 150 kHz. 
± %to. 

± 17 kHz. 

optical devices, such as reflec-
tors and lenses, as "aerials". 
The following step-by-step link 
budget calculation is purposely 
simplified, and, where appro-
priate, based on reasonable 
assumptions as to the perform-
ance of the equipment. Some-
times the (electronic) term 
amplification is used where the 
(physical) term magnification or 
convergence factor is, strictly 
speaking, more correct. Refer-
ence is made to the denotations 
shown in Fig. 1, and the main 
technical specifications of the 
infra-red components used— 
see Fig. 2. The IRED (infra-red 
emitting diode) Type LD271 and 
the photodiode Type BP104 are 
inexpensive and generally 
available components. 
With reference to Figs. 1 and 2, 
the radiant power, Pr, at the 
transmitter side is 10 mW into an 
aerial with an assumed power 
gain, GT, of 20 dB (4.' 100 x). 
The effective radiated power 
(ERP) is therefore + 30 dBm, or 
1 W. 
Figure 2 shows that the 
photodiode Type BP104 
generates a noise equivalent 
power (NEP) of 4.2 x10-14 W 

Hz)-1. The effective radiant 
sensitive area, A, is 5.06 mm2. 
The power gain, GR, of the re-
ceiver aerial of radius r is 
calculated from 

GR . 10logio(gr z/A) [1] 

=10logic,(0.621r2) [dB]. 

With r given as 50 mm, GR 
becomes approximately 32 dB. 
It is assumed that the receiver 
input has a noise factor, Fo, of 3 
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Fig. 1 A hypothetical infra- red communidation system. 

(.41'de = 4.7 dB, this is a quite 
average value), while the 
transmitter is modulated with a 
single tone of frequency f(m), 
producing a deviation . If. Also 
assuming that the pre-detection 
signal-to-noise ratio, [S//V]d, is 
between 10 and 15 dB, i.e., 
above the detection threshold 
for FM signals, and that . 1f= 
+ 50 kHz, the output signal-to-
noise ratio, [S/Nb, of the ideal 
FM demodulator is calculated 

from 

[S//V]0= 3/2(tlf/f042[S/A]d [2] 

where 

[SI = (II Fel NI' [3] 

Returning to the technical 

specifications of the LD271, it is 

seen that the IRED used sup-
plies a radiant intensity, fe, of 
10 mW per steradian (sr) at a 
continuous, forward, current of 

100 mA. The light beam emitted 
by an IRED is cone-shaped, 
making it fairly difficult to 
calculate the radiant intensity 
received on the flat surface of 
the photodiode. Figure 3 shows 
that the distance x between the 
transmitter and the receiver is a 
function of the divergence of 
the transmitter beam. The ra-
diant intensity on the concave 
area A(TZ) is 10 mW sr', since 
re=1 rad 57.3°. In order to 
avoid complex calculations for 
determining the ratio of the flat 
area A with respect to the con-
cave area Am), the beam width 

is assumed to decrease from 1 
radian (a) to 0.1 radian (Q). This 

enables considering the resul-
tant beam area, A(B), flat, as 
well as A, which forms a part of 
it (see the front view in Fig. 3). It 
can be shown that 1° = 0.1 mW 
in 0.1 sr given that fe = 10 mW 
sr'. Figure 3 shows that it is 
reasonable to consider the IR 
beam to have a flat area A(11) of 
radius r where it is incident on 

the photodiode D, so that 

r=xx tan(1/2 Q)--, 0.05x [4] 
A(B)= rt(0.05x)2. [6] 

Assuming no atmospherical at-
tenuation over the distance x, 
area A receives an amount of in-
cident radiant power, PR, that is 
a portion of le within 0.1 sr, 

whence 

5.06 x 10 -8 _ 
PR =10x 

(0.05x)2 

10 -4 x 506 x 10-6 — 
(0.05x)2 

6.443 x 10-8 [W] [6] 

This calculation is valid for 
transmission through a vacuum. 
The atmospheric attenuation 
factor for i = 950 nm is approxi-
mately 4 km' 6 dB km''). 
Provided the calculations re-
main based on factors rather 
than decibels, the atmospheric 
attenuation can be taken into 
account by rewriting PR as 

pR 6.443 x 10 -8 [W] [7] 
x2 x 4(x/I000) 

The signal-to-noise ratio at the 
receiver input, [S/NI, is simply 
the ratio of PR (S, the signal) to 
NEP (N, the self-generated 
noise of the photodiode) within 
a given bandwidth. The amplifi-
cation of PR in the reflector (G-r, 
transmitter aerial) and the lens 
(GR, receiver aerial) can be in-

2 
LD271 

Characteristics I 25 " C) 

Wavelength at peak emissIon at 1-.. 

Spectral bandwidth at 50% of 1-,. 

Radiant intensity in axial direction 
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Radiant flux (1, _ 100 rnA) 
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Half angle 
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Fig. 2 Essential technical characteristics of the infra-red components used in the transceiver (courtesy Siemens). 
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cluded in the link budget, as 
well as NEP for . 11= + 50 kHz: 3 

NEP = 4.2 x 10 14 X 100,000 [8] 
NEP = 1.33 x10 I I [W]. 

So: 

S _ PR _ 6.443x10 8xGrxGR 

Ari NEP 1.33 x10 "x24(x/1°°°) 

= 4844GTGxx 24 -1X 1000) 

4844GT(nr2/5.06)x24 (x'/°°°). [9] 

Where x is in metres, and r in 
millimetres. In equation [9], the 
distance, x, is a double variable 
(it is squared as well as part of 
an exponent). This means that x 
can only be resolved with the 
aid of successive approxi-
mation, which will not be dis-
cussed here. Instead, 3 sample 
calculations are given to indi-
cate the (theoretical) potential 
of the system. 
It will be clear that the lens at 
the receiver side is of radius r, 
as shown in Fig. 3. This means 
that all radiant power within the 
specified solid angle Q is cap-
tured and converged onto the 
photosensitive area of the IR di-
ode D. Practical aspects of the 
reflector and the lens will be 
reverted to. 
What is the maximum, 
theoretical, distance that can be 
covered by this system, so that 
the received signal is just about 
audible in the receiver? 
An FM signal exceeds the noise 
threshold when 

[S//V]d.10 (-. 10 dB) [1O] 

requiring that 

[S//V],..30 (. 15 dB) at Fo = 3. [ 11] 

Having defined this minimum 
requirement for the input signal 
strength, it becomes possible 
to propose 3 versions of the IR 
communication link: 

1. No optical amplification 
(Gr = GR =1): 

É4844 
----"12.7 m. [12] 

30 

2. Only a lens at the receiver 
side (r=50 mm): 

x,-1/4844 (501  x Tr— — 2x 0.59 
30 5.06 

;11384 m. [13] 

sure •rewr 

e = 1,40 r 57.3 . 

= 0.1 tad r 5 73-

r r•n 'r,13) r 0.054 

:I - D 

not In ' care 

A18/ 

A 

front new 

Am) 

07179.3 

Fig. 3 The theorectical distance covered by the system is the length, x, of the conical infra- red light 
beam. 

3. A lens at the receiver side ! Through the 
(r = 50 mm), and a reflector at atmosphere 
the transmitter side (G=100=--- 20 
dB)— this is the full system 
shown in Fig. 1: 

x,-1/4844 x o(50)2 x100 x 0.1 30 5.06 

1,625 m. [14] 

The above calculations also 
enable a reasonable prediction 
to be made of the S/N ratio of 

the received AF signal at a 
distance of, say, 1,000 metres, 
with . 1/ given as + 50 kHz and 
4E33)=10 kHz (option 3.): 

[S/Mi= 

4844 x 100[n(50)2/5.06] x 4.1 x10 -6 

= 188 

whence 

[511V)0 'r 

3/2(50/10)2 x '/3 x 188 = 9403 

--- 40 dB. 

[15] 

[16] 

This is, theoretically, sufficient 
for receiving speech or music 
of reasonable quality. The 
previously given calculations 
enable determining the 
minimum system layout for a 
given range x. It should be 
remembered, however, that all 
calculated distances are en-
tirely based on theory, re-
presenting the absolute, and in 
practice virtually unattainable, 
limits of the system. 

It goes without saying that some 
spare capacity should be de-
signed into the system to en-
sure a reliable, noise-free link 

even when there is additional 
attenuation caused by fog, 
heavy rain, snowfall, or fading. 
The latter effect is essentially a 
variation in the refractive index 
of air in contact with the heated 
earth surface (reference 
This phenomenon gives rise to 
turbulence and convection cur-
rents in the atmosphere, beam 
deviation, and hence pro-
nounced fading of the trans-
mitted IR signal. Modulation of 

the signal strength in the range 
1 to 200 Hz may also affect the 
quality of the received signal. 
This effect is caused by scatter-
ing of the signal, and fluctu-
ations in the absorption of the 
air layers. A typical atmos-
pheric absorption spectrum is 
shown in Fig. 4. The curve is de-
rived from a wider spectrum 
analysis described in (I). It 
shows the percentage trans-
mission through 1 km of at-
mosphere at sea level. It is seen 
that the IRED LD271 outputs its 
peak intensity at a wavelength 
that forms the lower limit of a 
so-called atmospheric window, 
i.e., a frequency band in which 
the atmospheric attenuation is 
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Fig. 4 Correlation between wavelength and percentage transmission 

through 1 km of atmosphere at sea level (source: reference (1/). 
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relatively low. Returning to the 
temperature coefficient of ; peak 
stated in Fig. 2, it is readily seen 
that the signal strength at the re-
ceiver side may well rise 
somewhat along with the tem-
perature of the IRED, since the 
transmitted signal can be 
thought to shift to the right in 
the spectrum. 

Optical amplification 
Radio engineers are familiar 
with the maxim "the aerial is 
the best amplifier". This is a 
proven truth, and fully ap-

plicable to the IR transceiver. 
The previously given transmit-
ter ranges can only be covered 
with the aid of optical amplifi-
cation, or, more precisely, 
beam convergence. 

At the receiver side, it is best to 
use a lens with a relatively large 
area. Lenses in magnifying or 
reading glasses are ideal for 
the present purpose. Elemen-
tary aspects of the biconvex 
lens are shown in Fig. 5a. The 
well-known lens equation is 
written as 

1/f=1/u +1/v [17] 

where 

f = the focal length 
u = the object distance 
= the image distance 

From this it can be deduced 
that 

fxu fxu v=—  
—f+u  

[18] 

Fig. 5 Essential aspects of the optical components in the IR 

transceiver. 

For the distances covered by 
the IR transceiver, [may be con-
sidered small relative to u (the 
object is at infinity), whence 

fx u v=— = J. [19] 

The lens and the photodiode 

are housed in a light resistant 
enclosure with a blackened in-
side surface. The photodiode 
should be accurately pos-
itioned in the focus when the 

distance between the transmit-
ter and the receiver is greater 
than about 50 metres. An in-
verted, but otherwise sharp 

(real), image of the area viewed 
by the lens can be seen on the 
back of a piece of thin white 
paper when this is held in the 
focus. Directly incident light 
causes a marked increase in 
the noise output of the 
photodiode. 
At the transmitter side, either a 
lens or a reflector can be used 
to ensure the required con-
vergence of the IR light beam. 
The use of a lens is illustrated in 
Fig. Mo. The convex lens should 
be a so-called condensing type 
to ensure a short focal length 
with respect to the lens 
diameter. Condensing lenses 
have an extremely biconvex or 
planoconvex curvature, and are 

often used in slide projectors. 
The construction of the IRED 
Type LD271 is such that the half 
intensity angle is about 30° in 
the axial direction. In the con-
text of the lens diameter, d, and 
with reference to Fig. 5b, this 
means that 

tan 30° = 1/1 3 = Vzcllf 
f=d1/2 1 3 = 0.87d. [20] 

The beam convergence is opti-
mum when the focal length of 
the lens satisfies f0.87d. Like 
the photodiode, the ¡RED is, of 
course, co-axially positioned in 
the focus. 
The use of a reflector, i.e., a con-
cave (parabolic) mirror, at the 
transmitter side is shown in Fig. 
5c. Virtually all radiated light 
emerges as a parallel beam 
when the ¡RED illuminates the 
right section of the concave 
reflective area. The ¡RED is not 
fitted co-axially in the focus of 
the reflector because in this 
position it would obstruct the 
reflected beam, and so absorb 
a considerable part of its own 
radiant intensity. Moreover, 
there is usually a hole at the 
centre of the type of reflector 

used for this project... 
Although a condensing lens 
gave excellent results in a test 
setup of the transmitter, it is 
none the less recommended to 
use a reflector simply because 
this is less expensive in most 
cases. Constructional aspects 
of the reflector and the lens as 
crucial components in the IR 
transceiver are discussed 
further on in this article. 

Circuit description of 
the transmitter 
The circuit diagram of the infra-
red, FM, transmitter is given in 
Fig. 6. Microphone and line 
signals are applied to low-noise 
opamp IC t via AF inputs M 
and LL-LR respectively. Stereo 
signals at the line inputs are 
made monaural with the aid of 
summing resistors It 17-11 is. At-
tenuation is effected in voltage 
divider R2o-R is. The amplified 
signal is fed to filter/amplifier 
Ai via Cis, modulation strength 
control Pi, and Ci. Opamp Ai 
is configured as an active filter 
to obtain the required preem-
phasis of the modulation signal, 
before this is applied to the FM 
modulator. The computed 
transfer function of the active 
filter is given in Table I. A 
second-order low-pass with a 
cut-off frequency of 10 kHz is re-
quired to keep the boosting ef-
fect of the preemphasis on 
higher frequencies within 
reasonable limits. This measure 
effectively prevents inter-
modulation with the— relatively 
low — carrier frequency of 
about 100 kHz. Without the 
filter, a 19 kHz pilot tone, for 
example, would be heavily 
amplified, causing annoying 
lisping sounds, noise, and 
spurious beat notes in the re-
ceiver. The 10 kHz filter is 
represented by the first 2 terms 
in the denominator of the last 
fraction in Table 1, so that 

C2R3=1/(211104)= CsRs. [21] 

The roll-off point at the lower 
end of the spectrum is deter-
mined by the term (1+ jc0C3R4), 
which is dimensioned for a cut-
off frequency of about 10 Hz. 
The standard preemphasis of 
50 jis is created by Ca, which 
can be resolved from the nu-
merator with the aid of the term 

ficsi, as shown in Table 2. The 
amplification of Ai is approxi-
mately 6.6 ( 1 + Rs/R4). 
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Fig. 6 Circuit diagram of the infra- red transmitter. 

The asymptotes in the last frac-
tion of Table 2 are called 
(A)...(E) for practical pur-
poses. All terms are 6 dB/octave 
asymptotes. Terms (A) and (B) in 
the numerator represent ampli-
fication ( U.), terms (C), (D) and 
(E) attenuation ( Ili). It is readily 
seen that (C) and (D) are virtu-
ally equal, and therefore repre-
sent an asymptote of 2 x —6 = 
—12 dB/octave. 
The theoretical frequency 

curve of the filter set up around 
Ai is shown in Fig. 7a. Asymp-
totes (C) and (D) are coincident 
and form the second-order roll-
off above 10 kHz. Figure 7b 
shows the results of a test 
sweep carried out on a proto-

type of the IR transmitter. Curve 
A is the preemphasis, curve B 

the frequency response of the 
complete IR system, i.e., from 
the AF input on the transmitter, 
via an IR link of about it) metres, 
to the AF output on the re-
ceiver. The results are accept-
able given the simplicity of the 
circuits used. 

Returning to the circuit diagram 
of the transmitter, Cs passes 
the amplified and filtered AF 
signal to a V-I converter set up 
around Az and Ti. The high 
amplification, A, of the opamp 

ensures that U. is virtually 
equal to U- , since 

11.=A1(U. — U-) and A— 00[22] 

This means that U(Rio)= U , 
whence 

IC(T1) .,1(R10)= U. /Rio. [23] 

This shows that the collector 
current in Ti is directly pro-
portional to the voltage at the 
wiper of P2 (U.). In other 
words, the operation of the V-I 

Table 1 

Infra red transmtter: transfer ((Inchon of Al 

Clef indoon of terms used:/J.= (At (Jo = UC6 
AIU • U IA *0 • U. = 

11 lio,C2) 0 U. 1 
U • 0 U. 

R3 1 ijit,C2 1 • it,C2R3 

IsZs (Zs = Rs//Cs( U U. 

u.. 

U0 

(1,04, f fiCal)Z5 

IU /IFta • 1trr..C31 • U • 11 ,1‘0C411Z5 

1 Z5 
-  • 

Li. • Ra 1 OueC3 
IcoCaZ5 

Uz -6.2 V j'. -- 1 

ireC3Zs RstrroCs 
- 1 • rreCaZs •   and Zs -  

1 •/‘,R4C3 Rs + 1/,‘”Cs 

FtsijaeC 5 
/••1C 3 

Rsij.,Cs Rs + lijroCs 
1 • iteC4 

Rs. 1irr..,C5 1 +/(.(34C3 

1
 /«.,C4Fls r.,C3Fis 
• - - • 

1 ./(,,CsRs Il + jr..,C3R4111 +/wCsRst 

1 ft.,c4R5 iwc3R5  
+ir,C2R31 +/.C2R3) x11 + iwCsRs1 +joeC2R31 ( 1 +jr./CsFts) x 11 +jeaC3R4 

trad'IC3CsR4Rs + C3C4R4Rs1+rwIC3R4+ CsRs + C3Rs+CaRsi + 1  

11 +/./C2R3111 + ir,CsRs111 +/./C3R41 

converter is linear. 
D2 and T2 form a current mir-
ror. The voltages across the di-
ode and the B-E junction of the 
transistor are equal when equal 
currents are carried. The 
voltage on RI I is, therefore, 
equal to that on R12. It is readily 
seen that /c(r2)=/c(T3) since 
RII=R12=2K7. 

The well-known timer Type 
7555 comprises 2 comparators 
that cause an internal bistable to 
toggle at voltage levels 2/3Vcc 
and V3 Vcc. Timer IC3 is fed 
from a stabilized 6.2 V rail. 
When //(cii)≤ 1/3Vcc ( = 2.07 V), 
the output, pin 3, goes high 

Table 2 

Infra-red transmitter: preemphasis 

r = 50 irs = 50 x10 -, s oe = 2nt 

Us 11 "corn"! +iwficail  

- +pol.5 10 ,111+».,1.496x 10 -31(1 + fr./0.018331 

SO that rhca.=1C3C5F14Rs • C3C4R41:151 

r bc.h=C3F14+ CsRs + C3Rs + Calls 

IC3CsRaRs + C3C4R4Rs1  hc.s, - 

Ca - 
C3C5Ftels- rC3R4- rCsRs- rC3Rs + 25 Y 10-" 

rRs-C3R4Fts 

Ca = 14.4 nF 4l,c4, = 0.12162 

U. *IwrIll +10.12621  (AIM/  

U* - 11 +/. 1.5 10-'111+,0,1.456 +/..0.18331 1C11131(E) 
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Fig. 7 Theoretical ( a) and practical ( b) frequency response of the 

transmitter. Curve B in Fig. 7b shows the overall response of the IR 

system. 

Fig. 8 The voltage on the timing capacitor in the 555 based CCO is 
triangular (upper curve) rather than exponential (lower curve) to 

achieve linear frequency modulation. h = 100 kHz. 

frequency, f. 100 kHz) is de-
termined by U. as 

(= 6.2 V). The current through 
D4 and Ds is blocked, and Ictr2) 
flows into Cii via Ds. When the 
voltage on Cii exceeds 2/3Vcc 
(= 4.13 V), the timer output goes 
low, UC(T2) becomes about 1.5 
V, and Ds blocks the current. In 
this situation, D3 and T3 form a 
current mirror, so that /c(3.3)= 
/(33)=/c(T2). Timing capacitor 
Cii is then discharged with 
the current ka2). The fre-
quency of the triangular signal 
on Cii is a linear function of 
/can, and, therefore, of U., 
and, therefore, of the instan-
taneous amplitude of the 
modulation signal superimpos-
ed on U.. In brief, this is fre-
quency modulation. The 7555 
functions as a current con-
trolled oscillator (CCO) thanks 
to the linearization of the— 
normally exponential— charge-
discharge curve of the timing 
capacitor, Cu. The oscillogram 
in Fig. 8 shows the output of the 
CCO in contrast to that of a 7555 
based oscillator in the standard 
configuration. IC3, Ti, T2 and T3 
thus form a voltage controlled 
oscillator (VCO), whose central 

I= C(dul clt)= U. /Rio 
ci. = 1/3 Vcc = 2.07 V 
di= 1/2 (1/fc) 
U. /Rio=C11[2.07/(/2fc)] 

=Clix4.13/fc 
fc= U. (I/ 4.I3C 1R 10) [Hz] [24] 

In practice, the modulation gra-
dient of the transmitter is about 
30 kHz/V when Rio = 8K2 and 
CI = 820 pF. This means that A 
is about 100 kHz when U. is set 
to + 3.3 V with the aid of P2. A 
frequency deviation of + SO kHz 
is achieved when the amplitude 
of the modulation signal 
superimposed on U. is 1.7 Vp. 
It was found that the toggle 
levels of the comparators in 
555s and 7555s supplied by 
various manufacturers are sub-
ject to a relatively loose toler-
ance. Figure 9 shows the A(U,) 
curves of 2 7555s and a 555 fit-
ted in position IC3. The results 
obtained prove that the 
calculated modulation gradient 
of 30 kHz/V may not be 
achieved in all cases. 
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Fig. 9 Curves showing the modulation gradient of the transmitter 
with various timer chips fitted in position IC3. 
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Although the modulation index, 
of the transmitter is conven-

tional at 

a= maim). 50/10 =5, [25] 

the resultant deviation of 
+ 50 kHz (100 kHzpp) is large 
relative to the carrier frequency 
of 100 kHz. This observation is 
important in view of the re-
ceiver design, and will be 
reverted to. 
Emitter follower T4 buffers the 
rectangular output pulses of the 
oscillator. Via the carrier power 
control, Pa, the signal reaches 
power output transistor Ts, 
which is capable of building up 
an emitter potential of about 4.5 
V. Emitter resistor Rts carries a 
peak current of 200 mA, taken 
from the 12 V supply via IRED 
D7, which is so pulsed at a 
duty factor of about 0.5 to 
supply its maximum radiant 
intensity of 10 mW sr* 
The transmitter is fed from a 
(rechargeable) 12 V battery, and 
consumes about 125 mA when 
set to maximum output power. 
Evidently, it is also possible to 
use a regulated 12 V; 1 A power 
supply when the IR transmitter 
is operated in a fixed location. 

Circuit description of 
the receiver 
The IR receiver is a simple 
design, just like the transmitter. 
The circuit diagram is shown in 

Fig. 10. 
When Px=30NEP, i.e., IS//11),= 
15 dB, a photon current is 
generated with an equivalent 
power of 4x10'° W. The 
energy, E, of a photon is ex-
pressed as 

E= hc/À = 2.07 x 10-19 [J] [26] 

where 

h = 6.6262 x 10'34 [ J s '] (Planck's 
constant); 
c=2.97 x 108 [m s (velocity of 
light); 
=950 x 10 9 [m]. 

This means that the received 
power, PR, of 4 x10-1 ° W cor-
responds to 

Px/E= 1.93 x 109 photons s' 1. [27] 

Figure 2 shows that the quan-
tum yield, of the BP104 is 
high at 0.92 electrons per 
photon, so that the given photon 
current results in a density, D., 
of 1.77 x le electrons per sec-
ond. The electric current, /F, is 
then calculated as follows: 

1 coulomb (C) = 1/1.6 x 10-19 
= 6.25 x 10 18 [electrons] 
1 ampere (A) = I C s 1 
= De/6.25 x 10 18 [28] 
= 2.83 x 10" I° [A] 

/Firnax)=2/F= 566 pA. 

This current corresponds to 
32 //V on R23 (56 162). The effec-
tive voltage at A = 100 kHz is 

142 x 32 = 11.2 pV. The signal 
from the photodiode is raised in 
a 4-stage direct coupled transis-
tor preamplifier, Ts-Ts, which 
ensures an amplification of 
about 10 000. The preamplifier 
is a slightly modified version of 
the one discussed in refer-
ence (z). The amplified signal is 
coupled out to limiter IC4 via 
R3I and C20. The resistor 
prevents load variations and 
feedback effects from upsetting 
the sensitive preamplifier. 
Negative feedback control P4 
enables finding the optimum 
signal-to-noise ratio for a wide 
range of input signal strengths. 
A high feedback level also 
allows suppressing to some ex-
tent the interference from near-
by luminescent tubes or TV 
sets. 
The well-known Type TBA120S 
FM demodulator comprises an 
excellent limiter circuit, which 
is used here to cancel the effect 
of the relatively strong AM 
noise on the received signal. In 
the present application, the 
quadrature detector in the chip 
is only used for driving the S-
meter circuit. 
This is set up around ICs and 
Tu, and enables evaluating the 
relative signal strength during 
the testing and setting up of the 
equipment. Preset P5 is ad-
justed for minimum visible 
meter deflection when no 
signal is received. The voltage 
at pin 8 of the TBA120S is 
smoothed by C26, and rises 

with the signal strength. This 
causes the emitter voltage of 
Tu i to fall, the collector current 
to increase, and the meter to 
deflect. The maximum coil cur-
rent in MI can be set with the 
aid of Ps. Provided the pre-
amplifier operates in its linear 
range, the meter indication is a 
direct measure of the received 
signal strength. It was already 
mentioned that the ratio of A to 
df is remarkably low in the pro-
posed system. This fact makes it 
virtually impossible to use the 
quadrature detector inside the 
TBA120S for obtaining sufficient 
AF output. With fe:df as low as 
2, linear FM detection can only 
be achieved with the aid of a 
phase-locked loop (PLL) detec-
tor. The Type NE565 (ICs) used 
here ensures a reasonable SIN 
ratio while requiring relatively 
few external components. The 
central frequency, fo, is deter-
mined by P7 4-R43 (R) and C27 
(C): 

fo=1/3.7RC [Hz]. [29] 

Preset P7 gives a VCO range of 
approximately 70 to 150 kHz, 
which is about equal to that of 
the transmitter. A 50 pS deem-
phasis network is formed by 
Rai-Re-Cm. The resistors are di-
mensioned such that the de-
modulated signal at pin 7 of the 
NE565 is direct coupled to 
buffer T12, obviating the need 
for an additional coupling ca-
pacitor. The on-board AF 

10 
CI, 

BP104 

*see 4.1 

12V 

87174 ,0 

Fig. 10 Circuit diagram of the infra- red receiver. 
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power amplifier is a standard 
application of the Type LM386. 
Some 250 mW of AF power is 
available for driving a head-
phone set, or a miniature 4 or 
8 52 loudspeaker. 
For portable applications, the 
receiver is fed from a 12 V bat-
tery. Current consumption is of 
the order of 35 mA. The 
transmitter and the receiver 
should not be powered from a 
common supply or battery. This 
is in view of the relatively high 
peak currents in the transmitter 
in combination with the high 
sensitivity of the receiver. The 
100 kHz pulses are readily in-
duced direct into the receiver, 
and so make the correct adjust-
ment of the system virtually im-
possible. The preamplifier in 
the receiver is essentially a 
wideband type, and inter-
modulation problems may arise 
when it is used in the direct 
vicinity of powerful medium or 
long-wave transmitters. 

Construction: the 
electronics 
The track layout and compo-
nent overlay of the printed cir-
cuit board for the IR transceiver 

11 

Parts list 

Resistors It 5%): 

Ri;R2;117:118;R s;1322;R41 = 10K 

Ra=15KF 
R4= 3K9 
Rs = 22KF 
Fts:Rii;RI2=2K7 
Rs = 27OR 
Rio = 8K2 
Ria:R14;R44=47OR 
R is = 22R; 0.5 W 

Ri7;Rie;Rzo= 100K 
Rig= 5K6 
Rzi = 100R 
Rza = 56K 
R24:1137;R38 = 1 MO 
Rzs = 560K 
R26;R32 = 15K 
R27;Rza = 1K0 
Rzs;f133;R34;R45=2K2 
Rao;F131=1K5 
Ras= 12( 

R36 = 22K • 
R39 = 4K7 
R40;843 = 1K8 
R42 = 68R 
R46 = IOR 
R47 = 68K 
Pi;P5 = 10K 
P2 = 5K0 or 4K7 
P3 = 470R or 500R 
P4 = 250K or 220K 
P6 = 25K or 22K 
P7 = 2K2 or 2K5 
P8 = 10K logarithmic poten-

tiometer 

Capacitors: 

Ci;Cs=2/12: 16 V; radial 
Cz=1N0J; styroflex/polystyrene 
Ca;C26=4;r7; 16 V 
C4= 15nJ; MKT 

C5 = 680pJ; 
styroflex/polystryrene 

C7;Cs;C24;C33=100n 
C8;C13 = 10p; 16 V; radial 
Cio;Cas= 10p; 35 V; tantalum 

bead 
Cii = 820pJ; 
styroflex/polystyrene 

C12;C15 = 1p; 16 V; radial 
C14 = 47p;16 V; radial 
Cis = 4p7; 35 V; tantalum bead 
C17 = 150p ceramic 
Cia;Cis;Czo;C23= 10n ceramic 
Czi:C22= 22n ceramic 
C25= 10p; 16 V; axial 

C27;C29 = 100 
C28= 10n 
C30 = 4n7 
C31 = 6n8 
C32 = 1p; 16 V; axial 
C34 = 47n 
C35 = 220p; 16 V; axial 

Ceramic capacitors are plate or 
disc types with a lead spacing 
of 2.5 mm. 

Semiconductors: 

Di = 6V2; 400 mW zenerdiode 
Dz . . Ds incl.;Ds=1N4148 
D7=LD271 or LD271H 

Da=BP104 

ICI = NE5534 
IC2=CA3240E 
1C3= 7555 or TLC555 
IC4=TBA120S Ido not use T or 

U types) 
IC5=NE565 or LM565C 
ICe=TL081 
IC7=78L10 
IC8=LM386 
Ti;Ta;T4=BC549B 
1.2;1-9...T12 incl.=BC559B 
T5=2N2219A 
Ts = BC550C 
T7;Te=BC547B 

Miscellaneous: 

Suitable heat-sink for Ts • 
PCB Type 87179 (not available 
through the Readers Services). 
M= 100 pA...1 mA 
rectangular S-meter. 

Loudspeaker; 8 Q; 0.5 W. 
2 off 5-way DIN sockets 1180°1. 
1 off 2-way DIN loudspeaker 
socket. 

• See text. 

See our 
'PROJECT 
BUYERS 
GUIDE' this 
issue for a 
guide to 
component 
sources and 
kit suppliers. 
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Fig. 11 Track layout and component mounting plan of the PCB fo building the IR transceiver 
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are given in Fig. 11. The board is 
cut in two along the dotted line 
to enable building the transmit-
ter and the receiver separately. 
Commence the construction 
with populating the transmitter 
board, starting with the single 
wire link to the right of Pi. All 
resistors and diodes, and most 
capacitors, are fitted upright. 
Use sockets for all 3 ICs, and 
observe the correct orientation 
before these are plugged in. 
Also verify the polarity of the 

radial electrolytic capacitors, 
and the tantalum bead capaci-
tor, Clo. Do not fit To until a 
suitable heat-sink to is to hand. 
The Q-shaped heat-sink used in 
the prototype transmitter was a 
type for cooling ROB and video 
output transistors on a salvaged 
TV chassis. A push-on TO18 or 
TOS style heat-sink is only 
usable when the nearby 
soldering pins are kept short, 
and the enclosure of Ts is well 
above the surrounding compo-
nents. Temporarily fit the IRED 
direct onto the relevant 
soldering pins, but do not cut 
off the leads as yet. 
The receiver board is also fairly 
densely populated. All resistors 
are fitted upright, and there is 
also a single wire link, namely 
in between IC4 and ICs. Use 
sockets for all ICs. Fit the 
photodiode straight onto the 
soldering pins, observing the 
correct polarity. Push-fit 
Ts ... Tto incl. and the ceramic 
plate or disc capacitors as far as 
possible towards the PCB sur-
face before soldering. Volume 
control Ps is temporarily fitted 
direct onto the relevant 
soldering pins. Connect a small 
loudspeaker, and a suitable S-
meter, to the relevant terminals 
on the board. 

An initial test 
Place the transmitter some 3 
metres away from the receiver, 
and point the IR components at 
each other. Set the presets on 
the transmitter as follows: P: 
1/4 cw; Pz to mid-travel; P3 1/4  cw. 
Connect the + 12 V and 1 ter-
minals on the transmitter to a 
regulated 12 V supply, and ap-
ply a -20 dB; 1 kHz sine-wave to 
the LL-LR inputs. Power up the 
transmitter. The current con-
sumption should not exceed 
100 mA. Set U. to + 3.5 V. 
Switch the transmitter off. 
Turn the presets on the re 
ceiver board as follows: P4 
1/4 cw; Ps and Ps to mid-travel; 

P7 cw. Feed the receiver 
from a separate 12 V supply or 
battery. Switch on the power, 
and turn up the volume control 
until steady noise is heard. 
Some rattle may be audible if 
the photodiode "sees" sources 
of interference such as the light 
from luminescent tubes. Switch 
on the transmitter, and adjust 
VCO preset P7 until the signal 
is heard. Optimize the recep-
tion by adjusting P4; this is 
fairly critical. Reduce or in-
crease the modulation strength 
as required. Verify that the 

transmitter power can be ad-
justed with 133. 
Block the incident IR beam with 
an available object, and 
measure the direct voltage at 
pin 8 of IC4. Null the S-meter 
by adjusting Ps. Restore the IR 
link by removing the object, 
and reduce or increase the 
S-meter 

deflection by adjusting Ps until 
the f.s.d. indication is reached. 
Due to the tolerance on the bias 
voltage on pin 8 of the TBA120S, 
it may be necessary to redimen-
sion R35 and/or R36 to ensure a 
narrow enough span of the sen-
sitivity preset, P5. It should be 
noted that every change in the 
setting of feedback preset P4 
requires readjusting Ps. Thanks 
to the use of current sdurce Ts, 
the S-meter can be almost any 
type with a sensitivity of 100 RA 
to 1 mA. 
Properly aligned, and without 
the use of lenses or reflectors, 

the system should have a range 
of 6 to 8 metres. Verify this with 
the transmitter set to maximum 
power, and peak P4 and P7 for 

optimum reception when there 
is considerable noise on the re-
ceived signal. 

The optics 
The lens for the receiver is a 
type removed from an inex-
pensive looking or reading 
glass, available from opticians 
or stationers. The quality of the 
glass is not important, and the 
handle is, of course, not used. A 
diameter of about 100 mm is 
convenient because it allows 
the lens to be fitted into a length 
of PVC draining tube, pur-
chased complete with a suit-
able PVC end cap. Two 10 mm 
wide rings are cut from the 
tubing. A 10 mm wide gap is cut 
into each of these these rings to 
enable push-fitting them in the 
tube, where they keep the lens 
securely locked at either side, 
still allowing its position to be 
adjusted in accordance with 
the focal length. Provisionally fit 
the lens at one extreme of the 
tube and ascertain the focal 

length as indicated under op-
tical amplification. Most lenses 
with r = 50 mm have a focal 

length of about 25 cm. Make a 
note of the empirically found 
focal length, and mark the en-
visaged, approximate, position 
of the photodiode on the out-
side of the tube. The receiver 
board is mounted lengthwise 

inside the tube, with the 
photodiode connected direct 
to the input pins. 
A perspex disc with a central 
hole for the photodiode is cut to 
fit into the tube. The front side 
of this disc should be painted 

12 

Fig. 12 The positioning system for the IRED, and the receiver 

assembly ready for fitting into the tube. 

' matt black, or covered with 
black cardboard. 
The receiver board is held on a 
rectangualar piece of perspex 

fitted between the disc and the 
PVC end cap. The photodiode 
should be level with the front 
side of the blackened perspex 
disc, and exactly at the centre 
of the hole to ensure the correct 
position on the axis of the lens. 
The rectangular block of 
perspex is cut, glued to the 
disc, and screwed onto the end 
cap for additional stiffness of 

the receiver assembly. The end 
cap is drilled and cut to hold 
the volume control, the S-meter, 
and a 5-way DIN socket for con-
necting the headphones or the 
loudspeaker, and the power 
supply. The cap is secured to 
the tube with the aid of 3 
screws, which, unlocked, 
should enable sliding the re-
ceiver assembly about 40 mm 
horizontally. 
The tube is fitted on a photogra-
pher's tripod with the aid of a 
suitable mounting plate and 
bolt. As a finishing touch, an ad-
justable finder may be mounted 
onto it. The receiver assembly 
is shown in Fig. 12. 
It should be noted that the use 
of infra-red rather than visible 
light results in an increase of 
about 2% in the stated focal 
length of the lens. The average 
beamwidth of the previously 
discussed receiver system is of 
the order of 2°. 

The reflector at the transmitter 
side is a round headlight or fog 
lamp picked up at a car 
breaker's yard. The reflective 
area should be smooth and un-
stained. Rectangular reflectors 
for use with halogen lights are 
less suitable. Select a fairly con-
cave lamp that is complete with 
an intact, non-coloured glass 
cover, a bulb and mounting 
hardware. 
Consult Fig. 5c and Fig 12 for 
the suggested way of mounting 
the IRED. Never attempt to 
clean the reflective surface 
with anything but a dry cloth. 
Remove the bulb and carefully 
break and remove the glass. 
With some mechanical skill, the 
bayonet fitting can be con-
verted into the positioning 
system for the IRED. It is poss-
ible, for instance, to divide the 
copper surface of a piece of un-
etched circuit board into 3 in-
sulated areas; 2 small ones for 
connecting the IRED terminals 
to the wires to the transmitter, 
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while the larger area is used for 

fitting 3 spring-loaded, M30 x 3 
adjustment screws, which are 
accessed at the rear side. 
Before mounting the IRED onto 
this plate, the beam must be 
converged with the aid of a 
standard red, 5 mm LED, which 

is temporarily powered from a 
12 V supply via a 1 k52 series re-

sistor. Place the reflector as-
sembly in a darkened room, 
and find the LED position that 
results in a clear red spot pro-
jected onto a vertical surface at 
a distance of 6 to 8 metres. 
Make the spot as bright and 
sharply defined as possible by 
adjusting the inclination of the 
LED with respect to the axis of 
the reflector. The LED can then 
be replaced by the IRED, which 
should have exactly the same 
position. The author's prototype 
mounting system is shown in 
front of the receiver assembly 
in Fig.12. Replace the glass 
cover, and re-assemble the 
lamp. Provide a mounting 
system for fitting it onto a pho-
tographer's tripod, or build a 
wooden cross for placing the 
reflector securely onto a 
horizontal surface. The elev-
ation system of the lamp should 
be retained and kept oper-

ational. 
The transmitter board can be 
fitted in a suitable ABS 
enclosure for securing onto the 
vertical rod of the tripod. Do not 
forget to drill holes in the top or 
bottom lid to enable accessing 

the presets. The transmitter in-
put is a 5-way DIN plug, the out-
put to the IRED a 2-way DIN 
plug as used for loudspeakers. 
Drill additional holes to prevent 

overheating of Ts. The zener 
diode, Di, also gets fairly 
warm, but requires no cooling. 
The relatively thick supply 
wires are secured with a strain 

relief and fed through a 
grommet. 

Field trials, duplex 
operation, 
applications 
Find a line-of-sight path of 
about 50 metres for an initial 
trial, and increase the distance 
covered with, say, 10 metres at a 
time. The reflector and the lens 

have extremely narrow beam-
widths, and their aiming re-
quires some experience. 
Carefully slide the receiver as-
sembly in the tube, and adjust 
the IRED position, until recep-
tion is optimum. For distances 
over 1,000 metres it is rec-
ommended to use field-glasses 
and, if possible, a set of PMRs 

for maintaining the contact. A 
well-aligned finder fitted on the 
receiver will soon prove indis-
pensable. Never aim the re-
ceiver tube at the sun when this 
is bright; the destruction of the 
photodiode will be immediate. 

Two-way communication is 
possible with a complete 
transceiver at both ends. Pro-
vided the reflector is placed 
ahead of (but not in front of) the 
local receiver, it is not even 
necessary to use different fre-
quencies. 
Applications of the present 
transceiver include wireless 
car security systems, and per-
manent, wireless, intercoms be-
tween homes. A security 
system can be set up for the 
home by placing plane mirrors 
at suitable locations. The 
transmitter is powerful enough 

to project an invisible beam all 
around the house. In this appli-
cation, the disappearance of 
the carrier could be detected 

Various components for building the infra-red transceiver. 

by the sounding of an alarm. It 
may not always be necessary to 
use a reflector and lens of the 
size indicated above. Even the 
plastic reflector from a pocket 
torch, in combination with a 
40 mm lens, will enable com-
munication over considerable 
distances. Convex or plane mir-

rors could be used for chang-
ing the direction of the IR 
beam. More powerful IREDs, 
and perhaps even lasers, in 
combination with more sensi-
tive photodiodes may increase 
the distances covered without 
the use of lenses or reflectors, 
but care should be taken to sel-
ect a combination for the same 
wavelength. 
Finally, the maximum distance 
covered with prototypes of the 
transmitter-receiver was 
1,750 m in a single-way link, and 
1,350 m in a duplex link. The 
author is interested in hearing 
about your experiences with 
the system through Elektor 
Electronics. D;FYZBu 

References: 

(I) Optoelectronics: An In-
troduction. J Wilson and J F B 
Hawkes (Prentice Hall). 
(2) Single channel infra-red 
remote control system. Elektor 
Electronics, January 1982. 

A good general introduction 
into optoelectronics can be 
found in: 
Optoelectronic components. 
Siemens handbook, ed. 85/86. 
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Fig. 4 Suggested block diagram of a 0 — 30 MHz converter. 

aerial input. Connect a 10 MQ, 
5 pF scope probe to the RF side 
of C4. Peak C: for maximum re-
jection of the 9 MHz signal. Set 
the band switch to 80 m, place 
the scope probe on the RF side 
of L7, and adjust C7 similarly. 

A general coverage 
receiver 
The unit described can form 
the tuneable IF section of a 
0-30 MHz communication re-
ceiver. A suggested block 
diagram is given in Fig. 4, while 
the practical circuit of the syn-
thesizer can be found in (I) . The 
output of the converter is fed to 
the 20 m input of the present re-
ceiver, whose 80 m input can 
be omitted. Computer control 
of the receiver so made is rela-

tively simple since all ad-
justments are effected by direct 
voltages, which can be 
generated with the aid of DACs. 
Also, the computer is likely to 
be required in any case for 
decoding slow-scan transmis-
sions, RTTY, morse, or FAX. B 

Reference: 

(1) Synthesizer for SW receiver. 
Elektor Electronics, July/ 
August 1987, Supplement page 
61. Designs for a mixer, an RF 
input amplifier, morse filters, 
and a computer interface ap-
pear in the same issue. 

Radio Wave Propagation (HF 
bands) by F C Judd G2BCX. 
Heineman Newnes; 
ISBN 0-434-90926-2. 
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SSB RECEIVER FOR 20 AND 80 M 

Experienced DXers as well as novice SW listeners will appreciate 
this compact, sensitive, and relatively simple to build single-
sideband receiver for the popular 20 and 80 metres bands. 

The 80 m band extends roughly 
from 3.5 to 4.0 MHz, and its 

propagation characteristics 
enable "local" communication 
over distances up to about 
1,000 km. The 20 m band (14 to 
14.5 MHz) is ideal for global 
communication, provided the 
right "paths", i.e., tropospheric 
propagation modes, are 
available and "open". Very 
long distances can be covered 
using low power transmitters, 
but some knowledge is re-
quired of the maximum usable 
frequency (MUF) in the direc-
tion of reception at a given local 
time. 
Sections of both the 20 and the 
80 m band are assigned to radio 
amateurs, but the exact band 

limits are not the same through-
out the world. 
Actually listening to radio 
amateurs and utility stations in 

these bands is undoubtledly 
the best way to learn about their 
pecularities as to optimum 
propagation conditions for dif-
ferent regions of the world. 
The receiver discussed in this 
article is a straightforward 
design, with manual control. 

Block diagram 
When the band switch is set as 
shown in the block diagram of 
Fig. 1, the aerial signal is fed to 

Fig. 1 Block diagram of the SSB receiver for 20 and 80 metres. 

a bandpass filter dimensioned 
for 14 to 14.5 MHz. A 9 MHz 
notch filter is fitted at the input 
to prevent strong signals at this 

frequency causing break-
through, interference or inter-
modulation in the intermediate 
frequency (IF) section of the re-
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ceiver. The output of a voltage-
controlled oscillator (VCO) with 
a tuning range of 5 to 5.5 MHz is 
buffered, and fed to the local 
oscillator (LO) inputs of the ac-
tive mixers that follow the 20 m 
and 80 m input sections. The IF 
signal is fed to a 9 MHz quartz 
crystal filter which ensures a 
bandwidth of about 2 kHz. After 
the IF amplifier stage comes 
the product detector for 
demodulating the SSB signals. 
The beat frequency oscillator 
(BFO) enables detection of the 
upper or lower sideband (USB/ 
LSB). The output signal of the 
detector is filtered and fed to 
the AF power amplifier, but it is 
also used for driving an AGC 
(automatic gain control) circuit 
with adjustable delay. The AGC 
controls the gain of the IF 
amplifier. 

Circuit description 
The circuit diagram of the re-
ceiver is shown in Fig. 2. It is 
seen that a single DPDT switch, 
Si, selects reception in the 20 m 
or 80 m band. The 9 MHz, series 
resonant, notches are formed 
by L4-C6-C7 (80 m) and I, 
(20 m). The aerial signal is ap-
plied to a bandpass composed 
of a T-filter, Ls-1,6-Ca, and a 
damped, parallel resonant, cir-
cuit Li-Cm-Rs. It is seen that 
gates gz of DG MOSFETs Ti and 
Ti are connected in parallel to 
enable optimum, DC coupled, 
driving by the VCO buffer, T6. 
The drains of Ti and T2 are also 
joined for feeding the mixers 
via the damped primary of IF 
transformer Le. Switch section 
Sib takes the source of the rel-
evant mixer to ground. The non-
used MOSFET has its source 
taken to + 12 V via a 100 k52 re-
sistor, and forms a high im-
pedance at the drain. Trimmer 
C13 is used for peaking La at 
9 MHz. The bandpass filter for 
20 metres is a series-parallel 
combination with 2 trimmers for 
setting the correct frequency 
response. 
The VCO is formed by oscillator 
Ti and DC coupled buffer T6. 
Its output frequency range of 5 
to 5.5 MHz is set by C24, while 
tuning is effected with the aid of 
the direct voltage from Pi ap-
plied to double varactor Dz. 
The high impedance at gi of 
MOSFET Ti guarantees mini-
mum loading of the parallel 
tuned circuit that determines 
the frequency of oscillation. 
Positive feedback is created in Fig. 2 Circuit diagram of the SSB receiver. The dashed lines represent metal screens on the board. 
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Parts list 

Resistors 1±5%): 

Ri;Riz;Rzi;R23;R32=10OR 

Rz;Rs;Fizz:R3s= 4K7 
R3;R4;Rio:Ri i; 

R24;R25:R26 = 100K 
Rs = 1K2 

R6;Ris;Ris;Rzs;R33;R3s=1K0 

R7= 68R 
Re= 10K 

Ri3= 560R 

R14 = 56R 

Ri6;Ris=68K 
Ri7;Rzo=47OR 

1327;R28 = 220K 
R3o;R3i = 4M7 

F134= 2K2 

R35 = 1MO 

R36 = 12R 

R37.47R 

Pi= 100K multiturn poten-
tiometer 

Pz = 250K multiturn preset 

P3 = 100K linear potentiometer 
Ps = 2K2 logaritmic poten-
tiometer 

Ps = 500K 

P6= 10M linear potentiometer 

Capacitors: 

C1:C 7 = 20p foil trimmer (green) 
C2 = 39p 

C3 = 10p foil trimmer (yellow) 

C4;C13:C33;C38;C40;C44 = 80p 
foil trimmer ( purple) 

C5= 1p2 

C6 = 56p 

Cs:Cio = 390p 

Cs = 18p 

C I;C12;C14;C s;Czo;C2 ;C30; 

C35:C42;C43:C45;C47 

:C63:C64 = 100n 

Cis;Ci6= 270p 
Ci7=4p7 

Cis=22p 

C22 -470p 

C23;C41 = 100p 

C24 = 40p foil trimmer (red) 
C25= 180p 

C26:C52;C59;C62 = 220n 
C27 =47/r; 16 V 

C28;C29;C60= 100m; 16 V 

Cat:C32:C34;C36;C37;C39;C46; 
Cso = In0 

C48=474: 10 V 

C49;C56:C66= lji0; 16 V 
Csi:Css = 180n 

C53:C54= 10n 
C57= 10r.i; 16 V 

C61=1000; 6 V 

C65= 1000p; 40 V 

C67;Csa= 1n0 SMA capacitor 

Semiconductors: 

DI;D3 ... D6 incl. = 1N4148 

D2=613212 

D7= zener diode 4V7; 400 mW 

D8 . . .DI 1 incl. = 1N4001 
Ti;TzT3;T7=BF982 
T4 = BF981 

15 = 8F25613 

16 = BF451 

T8;79 = BF494 

ICI = LF356 

IC2= LM386 
IC3 = 78L08 
IC4= 7812 

Inductors: 

L ; 1..4:Ls;L7= 4pH7 

Lz;L 3 = 10 pH 

L3 = 24 turns 00.3 mm 

(SWG30) enamelled copper 
wire on core Type T25-6. 

L6= 82pH 

LeA;Ls4;Lio4= 25 turns 00.3 

mm (SWG30) enamelled copper 
wire on core Type 150-6. 

L88;L9B= 5+ 5 turns turns 

00.3 mm (SWG30) enamelled 
copper wire. 

boa= 8 turns 00.3 mm 

(SWG30) enamelled copper 
wire. 

Lit= 42 turns 00.2 mm 

(SWG36) enamelled copper 
wire on core Type T50-6. Tap 

at 4 turns from ground. 
L12 = 10 turns 00.2 mm 

(SWG36) enamelled copper 

wire through a ferrite bead. 
Li4;Li5=47mH 

L16= 100pH 

Miscellaneous: 

S1= miniature DPDT switch. 

Sz= miniature SPDT switch. 

S3 = DPDT mains switch. 

Fi= 100 mA fuse plus holder. 

Xi...Xs incl.= quartz crystal 
27.005 MHz (third overtone). 

Tri = 15 V; 250 mA mains 

transformer. 

LS= 8 52; 1 W loudspeaker. 

See our 

'PROJECT 
BUYERS 

GUIDE this 

issue for a 

guide to 

component 

sources and 

kit suppliers. 

Fig. 3 Component mounting plan of the SSB receiver. 

54 — Elektor in AEM — Dec. 1987 



the oscillator by taking the 
source of T7 to ground via a tap 
on inductor Ln. Test point TP2 
at the output of the buffer stage 
is useful for connecting a fre-
quency meter that can so take 
the function of a digital fre-
quency readout. 

Mixing is additive for the 80 m 
band (3.5+5.5=9 MHz), and 
subtractive for the 20 m band 
(14-5=9 MHz). From this it can 
be deduced that the tuning 
direction is reversed on the 
80 m band, i.e., a higher VCO 
frequency results in tuning to a 
lower input frequency. 
A narrow IF bandfilter is set up 
with the aid of 3 27.005 MHz, 
third overtone, quartz crystals. 
Each of these resonates at a 
very small offset from its fun-

damental frequency, as deter-
mined by the particular 
capacitive arrangement around 
it. Each of the crystals forms a 
series tuned circuit with a very 
high Q (quality) factor. Together 
with the capacitance and in-
ductance around them, the 
crystals form a 9 MHz IF filter 
with a bandwidth of about 
2 kHz. MOSFET T3 forms the IF 
amplifier whose gain is AGC 
controlled, as well as adjustable 
with P6. The amplified IF signal 
is coupled out inductively via 
Lio. Test point TP1 carries the 
filtered IF signal, and can be 
used for alignment purposes. 
The product detector for 
demodulating the SSB signal is 
formed by Ti, which is fed from 
current source Ts. The side-
band (USB/LSB) oscillators are 
vitually identical. The crystals 
oscillate at the fundamental fre-
quency with a very small offset 
from 9 MHz. The output signal 
of a sideband oscillator forms 
the reference against which the 
SSB signal is demodulated. 
USB/LSB selection is effected 
with the aid of S2. Trimmer 
capacitors C33 and C38 enable 
adjusting the output frequency 
of the respective oscillator. The 
oscillator frequencies can be 
checked with a frequency 
meter conected to T133. 

The unfiltered AF signal is 
raised in ICI. Diodes D3 and D4 
rectify the AF signal to provide 
the AGC (automatic gain con-
trol) voltage. The negative bias 
voltage on C57 is made adjust-
able with the AGC DELAY poten-
tiometer, PI The bias voltage 
on C57 is derived from a 
stabilized — 4.7 V supply set up 
around zener diode D7. The 
AGC works in conjunction with 

the IF GAIN control, so that the 
negative voltage effectively 
controls the amplification of T3 
by pulling the gi potential 
below that of the source. 
The 2.2 kHz AF filter discussed 
under Block diagram is a 
double 7 type between the out-
put of buffer IC; and AF power 
amplifier IC2. 
The power supply for the re-
ceiver is a conventional type 
based on the well-known 78 
series of integrated regulators. 
The output of 12 V regulator IC4 

is reduced to 8 V in IC3 to ob-
tain the required span of the 
tuning voltage at the wiper of 
Pi. The minimum tuning 
voltage can be set with the aid 
of preset Pz. 

Construction 
The printed circuit board for 
the receiver is a double-sided, 
but not through-plated, type, 
whose component mounting 
plan is given in Fig. 3. The com-
ponent side of the board func-
tions as a large earth surface. 
The power supply section on 
the board may be cut off for 
mounting as a separate unit in 
the cabinet. 
Commence the construction 
with winding inductors L3, Ls, 
Lio, Li and L12 as per the indi-
cations in the parts list. Secure 
the wire on the cores using 
Araldite or wax, then fit the 
completed inductors on the 
board as orientation points, 
observing the right connection 

of the primary and secondary 
windings, and the taps. Pro-
ceed with fitting the soldering 
pins, resistors, ready-made in-
ductors, diodes, crystals, and all 
fixed capacitors except SMA 
types C67 and Cse, noting that 

soldering is sometimes re-
quired at the component side 
also. Pay attention to the 
polarization of the radial elec-
trolytic capacitors! Then fit the 
transistors and ICs. Ascertain 
the pinning of MOSFE'Ps 
Ti ... T4 incl., and T7, before 
these are fitted. Push-fit the 
leads of these transistors 
securely into the relevant holes 
before soldering. The source 
connections on T3 and Ti are 
also soldered at the component 
side of the board. Now fit SMA 
capacitors C67 & Ceo direct 
onto the source and g2 ter-
minals of the relevant MOSFET. 
The presets (P2; Ps) are then 
mounted, followed by the trim-
mer capacitors. Care should be 
taken not to deform the PTFE 
material in the trimmers when 
soldering the two ground pins 
to the copper surface at the 
component side. 
It is absoluty necessary to fit 
20 mm high screens at the com-
ponent side as indicated by the 
dotted lines on the overlay. Cut 
these screens from tin plate or 
brass sheet, and solder them 
vertically onto the board, taking 
care not to damage nearby 
components. Cut a clearance in 
any screen that runs across an 
inductor, or a MOSFET with 
nearby components. The IF 
section is completely screened 
with a top plate after setting up 
the receiver. 
The transformer, mains fuse, 
mains entrance socket, and, if 
applicable, the supply board, 
are fitted at suitable (and safe) 
locations in the metal cabinet. 
The layout of the front panel is a 
matter of personal preference; 
a suggestion is shown in the in-
troductory photograph of this 
i article. Screened wire should 

Inside view of the prototype receiver. 

be used for connecting the 
USB/LSB and the 20/80 m 
switch on the front panel to the 

respective soldering pins on 
the PCB. Twist the wires for 
connecting the IF GAIN, AF GAIN, 
AGC DELAY, and TUNING poten-
tiometers. Note that the latter is 
a multiturn type fitted with a 
suitable knob and dial. The 
aerial input is an Amphenol 
S0239 (Type UHF) or BNC 
socket mounted onto the rear 
panel of the receiver. The con-
nection to the relevant 
soldering pins is made in coax. 
Test point TP2 can be connec-
ted to a BNC socket on the rear 
panel via a length of thin coax, 
e.g. RG174. Remember that this 
is a DC coupled, low im-
pedance, output. 

Setting up 
Check the operation of the 
power supply before connect-
ing it to the receiver. 
Set all presets, trimmer 
capacitors and potentiometers 
to the centre of their travel. 
Connect a frequency meter to 
TP2, and adjust C24 and P2 such 
that the tuning range of Pi cor-
responds to 5.0 to 5.5 MHz. Set 
the band switch to 80 m, and 
connect an aerial. Some noise 
should be audible. Initially, C13, 
C40 and C44 are adjusted for 
maximum noise output. These 
adjustments are fairly critical. 
Check that the noise level 
varies slightly when the IF GAIN 
control is operated. Use TP3 to 
measure the output frequency 
of the sideband oscillators. Sel-
ect LSB and adjust C33 for 
8.9985 MHz. Select USB and ad-
just C38 for 9.0015 MHz. Tune 
across the band to find a rela-
tively strong SSB or RTTY trans-
mission. Optimize the setting of 
the above trimmers while re-
ducing the IF gain as appro-
priate. Check the function of 
the AGC by tuning to a weak 
signal. The adjustment of Ps is 
to the operator's preference re-
garding the response of the 
AGC circuit. Redo all the ad-
justments to optimize reception 
across the whole of the 80 m 
band. Switch to 20 m, and peak 
the input bandfilter for opti-
mum reception. The notch 
filters are adjusted for highest 
attenuation at 9 MHz. One of the 
9 MHz oscillators can be used 
temporarily as an RF signal gen-
erator. Attenuate the signal at 
TP3 with a suitable resistance 
network, and connect it to the 

— to page 51 t> 
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DIMMER FOR INDUCTIVE LOADS 

A simple circuit overcomes the well-known difficulty in maintaining 
the triggered condition of a silicon controlled rectifier when this is 

used for regulating inductive loads. 

The vast majority of dimmer cir-

cuits is only suitable for 
regulating resistive (non-
reactive) loads, i.e., when there 
is no phase difference between 
the mains voltage and the load 
current. This means that the 
trigger pulses can be kept rela-
tively short, since the load cur-
rent is in phase with the mains 
voltage immediately after trig-
gering has taken place. Nor-
mally, the load current is 
greater than the holding cur-
rent, so that the triac or thyristor 
is triggered immediately, and 
remains on. 
When the load is mainly induc-
tive (e.g. a transformer, or a 
choke for a fluorescent lamp) 
the load current lags the 
voltage, and may either not have 
reached, or exceeded, the 
holding level. The SCR then 
conducts briefly, but is 
switched off at the end of the 
trigger pulse. This unwanted ef-
fect can be kept within limits by 
means of stretching of the trig-
ger pulse, triggering by pulse 
trains, or the use of an R-C net-
work. The first approach calls 
for a control circuit with appro-
priate drive power. The pulse 
duration requires exact con-

trolling to prevent pulses occur-

ring after the zero crossing of 
the mains voltage, causing er-
roneous triggering. Suitable 
circuits to accomplish this are, 
understandably, relatively com-
plex. 
A simpler way out is the R-C 
network, which in essence 
raises the current to the holding 
threshold, so that the SCR re-
mains on when the trigger 
pulse is inactive. Although SCR 
manufacturers usually provide 
the relevant design data for this 
application, it is still fairly diffi-
cult to dimension the circuit for 
optimum and reliable trigger-
ing. In most cases, therefore, 
trial and error adjustments are 
required, as well as signal 
analysis with the aid of an os-
cilloscope. 

Triggering by pulse 
train 
The circuit described here is 
based on gate triggering by a 
pulse train, yet is composed of 
discrete components only. 
Figure 1 shows 3 ways of con-
trolling a triac. 

Figure la illustrates a phase 
angle control circuit for the 
load ZL. It is composed of a 

triac T, a diac D, and a timing 
network R-C, where R is (P), 
connected in parallel with D-
As, and C is connected in 
parallel with D-Ai. In this cir-
cuit, the triggering is load de-
pendent, in other words, 
synchronization is by the 
voltage across the triac, and this 
is a function of the load current. 
The circuit is, therefore, un-
suitable for regulating highly in-
ductive loads requiring a small 

conduction angle. Also, there 
exists a strong tendency to 
asymetrical operation, which 
can be dangerous in view of 
saturation of the inductance 
due to the relatively high direct 
current. 

Figure 11) shows a basic circuit 
for triggering the triac by the 
mains voltage. Here, timing re-
sistor (P) is connected to the 
neutral line instead of parallel 
to D-As. The trigger pulses oc-

cur with a fixed phase differ-
ence of 180°, irrespective of the 
load current. Although this cir-
cuit offers more accurate con-
trol of the load than the 
previous one, its operation 
becomes completely asym-
metrical if the gate angle is 
smaller than the angle rep-

resenting the current lag in the 

load. Another disadvantage is 
the requirement for connection 
to the phase and neutral lines as 
shown in the diagram. 

Figure lc shows a slightly more 
complex triac control circuit. 
Following the trigger pulse, ad-
ditional pulses are generated 
up to the next zero crossing of 
the mains voltage. The oper-
ation of the circuit is illustrated 
in timing diagram Fig. 2. 
Assuming a phase difference, 
49, of 85° between the mains 
voltage and the load current, 

and a gate angle, of 60°, the 
triac is triggered after the trig-
ger delay has lapsed (A), and 

remains on up to about 240° (B) 
thanks to the pulse train. It is 
blocked at point B, but is im-
mediately retriggered by the 
next repetitive gate pulse. The 
operation is slightly asymtrical 
during the first half periods, but 
the duration of conduction 
gradually becomes more 
balanced, as shown by the dot-
ted curve. 

The practical circuit 
The circuit diagram of the dim-
mer for inductive loads is given 
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in Fig. 3. A small, sensitive, 
auxiliary triac, Tri2, generates 
the pulse train necessary for 
maintaining the gate control 
signal for Trii. Capacitor Ci, 
compensation resistor Rs and 
potentiometer P2 define the 
gate angle 4). Preset Pi enables 
setting the minimum conduc-
tion angle, so ensuring reliable 
triggering of Tri> even when 
the load current is fairly low. 

Capacitor CI is charged from 
0 V, and diac Dii triggers as 
soon as its breakover voltage is 
reached. The set conduction 
angle is equal for both half 
periods. 
A first pulse is applied to the 
gate of TRii, and the voltage 
surge on Rs triggers Triz. Once 
this is on, it bypasses resistance 
(114 + P2 // R3+ PI), so that the re-
maining charge cycles of Ci 

Fig. 1 Three ways of controlling the gate angle in a triac based dimmer. 

conduction angle during tall 2nd hall period 

iÇ : blocking al lIlac 

A : hi« conducts 

B lilac is blocked 

H: triggering delay Urn. 
9  : current lag at lull angle 

have a much shorter period 
(Rs+ ROC'. After this delay, Triz 
is triggered, starting a new 
cycle. A succession of pulses is 
applied to the gate of the main 
triac, Trii, until the mains 
voltage reaches the zero cross-
ing. Triac Tri2 is then blocked, 
so that the charging of CI dur-
ing the following half period is 
determined by the time con-
stant set by the resistance 

(R4+1)2 // R3+PI). Once more 
consult the timing diagram of 
Fig. 2 for further details on the 
operation of the circuit. 
Zener diodes Ds...Ds incl. af-
ford protection against over-
voltage, and at the same time 
ensure a stable supply voltage 
for the trigger circuit, 
eliminating instability due to 
fluctuations on the mains. 
Diodes D 1... D4 incl. and 
resistors RI and R2 ensure that 
CI is completely discharged 
during the zero crossings, so 
that the hysteresis remains 
within acceptable limits. Damp-
ing network C2-R7 has a stabiliz-
ing effect on the control 
circuitry because it suppresses 
needle pulses originating from 
the inductive load when this 
draws less than the holding cur-
rent of the main triac. 

Construction: safety 
first 
The dimmer is constructed on 
the printed circuit board shown 
in Fig. 4. Power resistor Rs 
should be fitted slightly off the 
board to allow for its dissipated 
heat. Inductor Li is a common 
triac suppressor choke, which 
is not strictly required for in-

3 

6.3A 

C7 ny 

100n 11.4 

250V Tri 1 

D1...04 = 1N4004 
1113 

6111;:l R2{;1 
1W 1W 

D5...D8 = 33V / 1W 

5 

Ll 

IOW 

 00 
87181-3 

Fig. 2 Triggering by a pulse train synchronized with the mains 

voltage. 

Fig. 3 Circuit diagram of the dimmer for inductive loads. 
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Fig. 4 Track layout and component mounting plan for the dimmer PCB 

ductive loads. For resistive 
loads, however, it should not be 
omitted because it limits the 
switch current surges. The in-
ductance and current rating of 
Li are as required by the load; 
the indicated values of 100 pH 
and 10 A are only required 
when the dimmer is used for 
regulating loads of the order of 
750 W and more. The size of the 
heat-sink for Tri; is mainly de-

termined by the available space 
in the ABS enclosure. A few 

holes should be drilled in the 
lid to ensure sufficient cooling 
of Rs and Tri 1. Make sure that 
the whole unit is rugged and 
properly insulated. If used, the 
input and output cable should 
be fed through a grommet, and 
secured by a suitable strain 
relief. Be sure to use a poten-
tiometer with a plastic shaft. 

VARIOUS PARTS IN THE DIM-
MER CARRY THE MAINS 
VOLTAGE AND ARE, 
THEREFORE, DANGEROUS 

• 

TO TOUCH WHEN THE UNIT 
IS OPERATIONAL. 

Finally, the circuit described of-
fers good accuracy of control 
without the need for an ad-
ditional supply. It enables vir-
tualy complete variation of 

power on inductive loads rated 
up to approximately 1,000 W.Sv 

Source: 

Triac Applications, Thomson 
Semiconductors. 

Parts list 

Resistors It 5%1: 

RI:132=47K; 1 W 
R3= 150K 
R4=27K 
Rs=10K; 10 W 
Rs = 4K7 
Rz=220R; 1 W 
Re=1KO 
Pi = I MO 

P2 = 220K or 250K linear poten-
tiometer with insulated shaft. 

Capacitors: 

Ci = 100n; 100 VAC 
C2= 100n; 250 VAC 

Inductor: 

Li = dimmer suppression choke 
e.g. 47pH; 10 A 

Semiconductors: 

Di ... D4 incl.= 1N4004 
05. .. De incl.=33 V; 1 W 
zener diode 

Dii = general purpose 32 V diac, 
e.g. ER900, ST2, D132AC, or 
BR100-03 .. 

Trii = TIC263D • 
Triz = TIC206D-P 

Miscellaneous: 

Fi = 6.3 A fuse with PCB mount 
holder. 

Suitable AES enclosure. 
Grommet and strain relief for 
mains wire. 

5-way screw terminal block for 
PCB edge mounting. 

T0220-style heat-sink for Tri. 
PCB Type 87181 lavailable 
through the Readers Services). 

See our 
'PROJECT 
BUYERS 
GUIDE this 
issue for a 
guide to 
component 
sources and 
kit suppliers. 

11111,11r 

COMPUTERS 

MODEM KITS 
24 Burwood Hwy (Rd) 
BURWOOD 3125 (03)288-2144 
(03)288-9067. FAX:(03)288-0781 
BANKCARD-VISA-MASTERCARD WELCOME 

Simple to build direct-connect modems on 
single-sided boards for easy building. 

300/300 — 1200/75 — 75/1200 Modem 
Kit — $95. Built & Tested —$ 155, 
c/w Phone — $240 

FROM $95! 
PC-Internal Kit — $125 
Auto-dial — extra $45 
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The enclosure, which mea-
sures 78 mm long x 50 mm wide x 
40 mm usable depth has a 
moulded 240 V 3-pin insert 
which can be rotated through 180 
degrees, allowing the adaptor to 
mount in any of three positions. 
There is generous space inside 

the enclosure to mount relays, 
electronics or whatever you like. 
By fitting a small transformer, it 
would even be possible to build 
your own custom plug packs. 
The enclosure costs just $14.95 

and carries Jaycees catalogue 
number HB-5950. We have no 
doubt that many mains powered 
projects will be making use of 
this unique and useful product. 

For further information, see 
your nearest Jaycar outlet, five in 
Sydney, two in Melbourne and 
one in Brisbane. 

Cheaper coax 
relays 

Any radio amateur will tell 
you the advantages of using 

proper coaxial relays. The low 
toss and correct impedance 
makes them a far better choice 
than normal relays and in VHF/ 
UHF designs, their use is almost 
mandatory. 
Dick Smith Electronics are cur-

rently offering their S-7402 pc 
mounted coaxial relay at only 
$29.95 which puts them back to 
the same price advertised in the 
1986 DSE catalogue! 
This represents a very good say-

"Plugpack" 
enclosure 
t his clever new product from Jaycar should find dozens of 

uses amongst project builders, designers and enthusiasts. 
ing as the last time I looked, they 
were over $37.00 each. 
The mini pc board mounting 

relays have fully enclosed con-
tacts and the coil is rated at 12 
Vdc at 80 mA. The size is 35 mm 
square x 15 mm high and the 
relay is suitable for use up to 1000 
MHz. 

Ideal for bypass switching in 
power amplifiers, preamplifiers 
or antenna switching units, it 
would be worth grabbing a 
couple at this special price. 

See your nearest Dick Smith 
Electronics outlet for further 
information. 

Precision trim pot 

Ail Electronic Components in 
Melbourne currently has 

stocks of genuine Bourns preci-
sion panel mount trimpots. 
These fully sealed 2.5 k ohm 

trimpots are ideal where you' 
don't want to sacrifice quality, but 
don't want to pay a fortune either. 
The metal body of the trimpot 

is 13 mm in diameter and the 15 
mm long shaft is 3 mm in diame-
ter. A slot is provided in the end 
of the shaft for screwdriver adjust-
ment or a suitable knob could be 
used if desired. 
Each pot is supplied with a 

matching nut and lockwasher for 
mounting on a panel. 
Connection to the pot is by 

means of small wire leads at the 
end of the body, so it is possible to 
use it for direct pc board mount-
ing as well as panel mounting if 

PROJECT BUYERS GUIDE 
The AEM4609 Computer-Teleprinter Interface project uses com-
monly available, off-the-shelf components so you should not experi-
ence any component supply problems. The M-2155 transformer and 
4N28 opto-isolator IC can be obtained from a great many retailers. 
The ones for our prototype came from Geoff Wood Electronics in 
Sydney. 
The AEM3015 Balun project uses very few parts so you should 

not have any difficulty with this one! The case used in our prototype 
was a plastic jiffy box available from Jaycar with the catalogue 
number of HB-6013. Geoff Wood Electronics also carry a similar 
range of jiffy boxes with plastic lids. The S0239 socket is widely 
available from most retailers. The single hole mounting type are 
quite adequate for this application, but make sure you choose one 
with a ground lug. 
The Amidon toroids for the 3015 Balun are obtainable by mail 

order from Stewart Electronic Componente Pty Ltd, PO Box 281, 
Oakleigh 3166, Vic. Telephone (03)543 3733. Cost is $11.20 inc. tax 
and postage for the T200-2 and $3.90 for the T68-2. Melbourne resi-
dents will find their store in Huntingdale. Phone first to check stock 
availability. We understand that Geoff Wood Electronics of Sydney 
also carry the T200-2. 
The AEM6507 equalizer project should not present any difficul-

ties. The 45 mm 50k linear slider pots are available from Jaycar 
under their catalogue number RP-3912. The MKT caps are available 
from both Geoff Wood Electronics in Sydney and Eagle Electronics 
in Adelaide, although other retailers will probably carry suitable 
devices as well. The TL074 quad op-amps are available from Dick 
Smith Electronics, Jaycar, Altronics, Ritronics and a host of other 
retailers. If you have any difficulties you can use LF347N devices as 
a substitute (ifs an equivalent). 
The Long-Range Infrared Transmitter-Receiver in this month's 

Elektor section is for the adventurous enthusiast. The design hinges 
on the two Siemens infrared semis — the LD271 IR LED and the 
BP104 IR detector diode. These are scarce devices, so be prepared 
to shop around. Stewart Electronics in Melbourne can supply some 
GE devices which may be substituted if you're prepared for a little 
experimentation to make it work. The relatively more common 
COY89/BPW50 combination may be tried, but you will have to be 
prepared to accept some performance degradation as they don't 
match the performance of the Siemens devices. The receiver uses a 
TBA120S FM detector, carried by some suppliers as a replacement 
part. Again, this is obtainable from Stewart Electronics in Mel-
bourne, or you could try Geoff Wood Electronics in Sydney and 
Radio Parts in Melbourne. Pretty well everything else is readily avail-

able. 
The SSB Receiver for 20 and 80 Metres should present few dif-

ficulties in component supply, provided you don't expect to get 
everything at your local electronics shop. Pretty well the full comple-
ment of semiconductors and coil components may be obtained from 
Stewart Electronics in Melbourne, and you might as well hit them for 
the rest of the parts, too. They might even be able to order the crys-
tals for you. 
The Dimmer for Inductive Loads should find wide application. The 

parts present few difficulties, with the exception perhaps of the sup-
pression choke. Its value is non-critical, so all you need do is wind 
enough turns on a suitable iron powder of 15-22 mm diameter to fill 
the core (wind insulation tape on the core first). Jaycar stock a suita-
ble core for the application, cat. no. LF-1240. Stewart Electronics in 
Melbourne may be able to suggest a suitable Amidon ring core. The 
semiconductors may be obtained from a number of suppliers. The 
TIC range (as specified) includes a variety of types that may be 
readily substituted, but note that whatever's used for Tril must be 
able to handle the intended load. Geoff Wood Electronics in Sydney 
stocks a range of TIC-type triaca. Various types of the diacs 
specified are stocked by many suppliers, the ST2 and BR100-03 
probably being the most common. 

you wish. 
Priced at just $3.50 each, the 

pots are available from All Elec-

tronic Components, 118-122 
Lonsdale Street, Melbqurne 
3000 Vic. (03)662 3506. 
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NEW KITS FOR 
DECEMBER  

Ref: Silicon Chip Dec '87 

Well suited to run 12 volt appliances from 24 
volt. Can deliver up to 5 amps. 
Complete kit 
Cat. KC-5017 

$59.00 

TELEPHONE RINGER 
Ref Silicon Chip Dec 87 
If you are tired of the sound of your phone, try this kit. 
Mounts inside phone - includes buzzer. 
Cat. KC-5015 

$19.95 

HIGH IMPEDANCE AC/ 
DC MILLI VOLTMETER 
Ref: EA Dec '87 
This kit will measure AC and DC signals down 
to a couple of millivolts, with negligible circuit 
loading. Complete kit with case and meter. 
Cat. KA-1695 isimminimill.111111.111Ita... 

$46.50 

('SOLAR GENERATOR 11NIVERSAL SPEED CONTROL 
Ref: Ell Dec '87 
This is a cheap, 
no fuss way to 
trickle charge a IIIIIMPINZ 
I2V car battery. 
PC board and la 11111111 

parts. Inlimin 

Cat. KE-4730 ' 11111113111 

$12.95 UM 

& LAMP DIMMER 
Ref: Silicon Chip Dec '87 
Use for control of drills, fans, electric blankets, soldering 
irons or a dimmer. Complete kit with box, mains leads. etc. 
Cat. KC-5016 

18.95 

OCTAVE EQUALISER MODULE 
Ref: AEM Dec '87 

CaLKM-3064'\ 

$49.95 
This one octave EQ module is suited for PA and professiona l use. Kit 
supplied with all components, pots, PCB. No box or hardware. 

z. 4251 
CAPACITANCE 
METER FOR 
D.M.M. 
Ref: Silicon Chip Nov 1987 
A great project from a new 
monthly electronics 
magazine - Silicon Chip. 
Add a two range 
capacitance tester for 
only $27.95. 
Ranges are - 2200pF 
and 0 - 2.2µF. Complete 
kit. 
Cat. KC-5010 

$27.95 

HIGH QUALITY 
GUITAR PREAMP 

Ref: Ell Nov 1987 
Features of the Ell 1424 Include a top boost and 
normal input, two pre-eq line inputs, bass & treble 
controls, effects send and return, sweep eq. 4 post 
eq & line inputs and master volume. PCB pots 
supplied when available. 6.5mm sockets, 
transfonner and knobs are not supplied. 
Cat. 1SE-4729 

$45.00 
CAR RADIO POWER SUPPLY 
Ref: Silicon Chip Nov 1987 
Put that old car radio that's laying around to good 
use as a mantle/lutchen/garage/sunroom radio. 
Our kit Includes PCB. transformer and components. 
You need the radio and speakers. 6 x 4 speakers 
$10.95 each (Cat. AS-3014) 
Cat. KC-5012 

28.95 

SUB CARRIER ADAPTORS 
FOR FM TUNERS 
Ref: Silicon Chip Dec '87 
Listen to hidden transmissions on FM broadcasts. 
PC board and components. 
Cat KC-5014 

$22.95 

[Ref: AEM Sept '87 After much interest in this project, we veil have available the 3mH 
inductors. The woofers, speaker terminals, cable and innerbond are normal stock lines. 
P25W0-08 1C/' woofer 3mH Inductor 
Cat. CW-2136 Cat. CX-2640 

$196.00 each $13.50 each  

PASSIVE "BANDPASS" SUBWOOFER 

1GHz Digital Frequency Meter! 
Ref: Silicon Chip Nov'87 
This superb IGliz digital frequency meter will 
outperform any other instrument in its price range. 
It uses the highest performance ICs. provides both 
frequency and period measurements, and features an 
8 digit LED readout. 
Cat. KC-5013 

ONLY $299.00 

!mum 
METRONOME 
Ref: EA Nov 1987 
Printed circuit board 
and electronics supplied. 
No box. 
Cat. KA-1693 

$19.95 

JAYCAR MANAGEMENT 
AND STAFF WOULD LIKE 

TO WISH ALL OUR 
CUSTOMERS A VERY 
MERRY CHRISTMAS 

& A HAPPY NEW YEAR 

'VOICE OPERATED RELAY 
Ref: EA Nov 1987 
Eleviates the need to push the button when using a 
microphone. 
Shortforrn kit, no hardware. 
Cat. KA-1692 

OFF HOOK INDICATOR 
FOR PHONE 

i 

Ref: Silicon Chip Nov 1987 
If you have two or more telephones on the one line, 
with this project a LED will flash on the phones not 
used to indicate the line is in use. One kit is needed 
for each telephone. 

PC board and components supplied. (Unit mounts 
n telephone). 
Cat. KC-5011 

$19.95 

*Onbe 

e 

VOLTAGE & 
CONTINUITY 
TESTER 
Ref: EA Nov 1987 
This handy voltage and 
continuity tester tests AC 
and DC voltages and also 
continuity in wires and 
cables. 
Cat. KA-1694 

$29.95 j 



>ONLY $115 

TWEETY PIE 
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NIGHT SECURITY SENSOR 
This brilliant new product uses a built-in passive infra red (PIR) detector 
that reacts instantly to body heat, and activates a light when a person 

approaches your home. The light is automatically turned off when the 
person leaves. The sensor will switch up to 600 watts and when set 
will only operate at night. After triggered, the lights can be adjusted 
to remain on anywhere between 5 seconds and 10 minutes. 
Features: 
• Compact design 
• Fully automatic 
• Security - keeps intruders away 
• Safety - no more groping in the dark 
• Convenient - hands free operation 
• Compatible with incandescent, flourescent, 

quartz and halogen lighting 
• Indoor/outdoor applications 
• Suitable for entrances, porches, patios, 
stairways, garages, basements, 
hallways, closets, attics, storerooms, 
warehouses, workshops, etc. 

• Can be operated in daylight or darkness 
Speciflcations: 
• Detection coverage - 12 mt long x Imo 
wide (fan shape) 

• Detection zone - 38 beams 
• Mounting height - 1.8 - 2 metres 
• Power consumption - 3 watts maidmum 
• Lighting load - 600 watts max. 
• Water resistant 
• 240V AC operated 

DON'T PAY $ 199 use existing lights  ) c ...._ 
Cat. LA-5130 

This incredibly little piezo 
screamer measures 57(L) x 
33(H)mm emits a 116dB 
wail. It's deafening' As 
used in the screamer car 
alarm 1dt 
Cat. LA-5255 

ONLY $17.95 

CORDLESS PHONE 
The fabulous Portable Telephone that you can take 
anywhere around the house, garden or swimming pool. 
Microprocessor controlled with a range of up to 250 metres 

and absolute clarity. 
Features: 
• Simple to use and easy to install - just plug in 
• Operating range up to 250 metres (800 ft) 
• Security code system with 16,348 combinations 
• Call function at base unit to alert handset 
• Pulse dialling with audible tone feedback at the touch of a key 
Cat. (r-2065 SAVE $70 WAS $269 
NOW ONLY $199 GREAT X'MAS GIFT 

(-GREAT  XMAS GIFT 

LCD THERMOMETER TRAVEL ALARM CLOCK 
BRAND NEW DESIGN 
It's about the size of a credit card, measures 

85 x 55 x 8mm thick and is supplied in a 
handy wallet. 
Ideal for travelling. It has an alarm which Is 
LOUD enough to wake even a heavy sleeper 
AND it has snooze function. It's easy to set 
the time and alarm time. Display temperature 
in either Celcius or fahrenheit. UsesET one LR-44 battery. 
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Features: 
• Easy to read 
• Temperature in "C or *F.' 
• Loud alarm 
• Snooze setting 
• Easy to set 
• Small size 
• Carry wallet 
• Quartz accuracy 
Cat. XW-0392 

$29.95 

RAIR DUSTER  
New product from Electrolube. 
It's pure compressed inert gas for 
removal of dust and air borne 
contamination from very delicate 
and inaccessible areas of electrical 
and electronic equipment. 
400 ml spray pack - ÇRng nett 
Cat. NA' 1018 

$11.95 

AYTEK Mega Modem 

HS AA CD OH RD SD TR MR 
etsso sezeessesalestosas Nam 'wows 

MAX232 
Dual RS232 receiver/ 
transmitter. For new designs. 
the MAX.232CPE makes an 
excellent replacement for the 
1488 and 1489. 
Features: • Meets all EIA 
RS232C specs • Generates 
±9V output from 5V supply • 
Highly useful when ± 12V 
supply is required for RS232 
drivers, but is not available • 
±30V input levels • Also 
converts RS232 levels to TrL 
levels • 2 inputs • 2 outputs 
Cat. ZK-8824 

$12.95 
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AVTEK MEGAMODEM - NEW MODELS 
Don't buy imported/unsupported modems when Australian 
designed and manufactured models cost 
less. Compare the features - look at the value. 12 month 
extended warranty on both modems. 

SPECIFICATIONS: 
Speeds 300 Baud Full Duplex - both models 

1200/75 for VIATEL - model 123 
1200 Baud Full Duplex • both models 

Data Standards V21, V22 - both models 
V23 - 123 model only 

Command Set Hayes with extensions) 
Interface ccrrr V24 (RS232) 
Data Format Asynchronous 
Power <2 watts 
Size 27(H) x 120(W) x 157(13)mm 

Indicators 8 LEDs 
Internal diagnostic loop back. 

Model 12 cat. xc-485o 

$375 
Model 123 Cat. xc-ass5 

$449 
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aem project 6507 

A one-octave 
equalizer module David Tilbrook 

Technical Systems Australia Pty Ltd 

Here's a ten-band graphic equalizer that delivers top performance at an 
affordable price. It's ideal for sound reinforcement and PA system 
applications and teams well with projects we've previously published for 
such applications. 

IN THE PAST we have described several MOSFET power 
amplifier modules and associated equipment, much of 
which is suitable for use in professional sound re-enforce-
ment and public address applications. The widespread use 
of these modules in such applications has led to a require-
ment for the development of a good quality one-octave 
graphic equalizer module. The octave equalizer module 
described in this article provides good distortion and noise 
figures making them suitable for inclusion in a wide range of 
systems. 

Background 
A graphic equalizer is a device which divides the audio spec-
trum into a set of pass bands and allows independent adjust-
ment of the relative levels of signal frequencies within these 
pass bands. In a one-octave equalizer such as this one the 
audio spectrum is divided into ten overlapping frequency 
regions. The centre frequencies of each of these regions have 
been set according to the industry standard frequencies: 32 
Hz, 64 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz 
and 16 kHz. Notice that these frequencies are one-octave 
apart. 

It is also possible to design graphic equalizers with a larger 
number of frequency bands spaced at either one-half octave 
or more commonly, one-third octave, intervals. A one-third 
octave graphic equalizer allows greater flexibility owing to 
the greater number of adjustments over the audio passband 
but it also necessitates the use of sharper or higher Q filters 
which have greater audible anomalies and phase shifts. 

AEM6507 OCTAVE EQUALIZER SPECIFICATIONS 

The project 
The AEM6507 One-Octave Equalizer is based on the same 
principle that is employed in most modern graphic equaliz-
ers. A series resonant circuit is incorporated into the negative 
feedback loop of a high quality operational amplifier in such 
a way that an associated slide potentiometer can vary the 
amount of feedback applied within the frequency range 
determined by the series resonant circuit. In this design we 
have employed three TL074 operational amplifiers (or its 
equivalent, the LF347) which are quad JFET-input op-amps 

CL 

L = 680 x 330k x C 

HENRIES 

CIRCUIT DIAGRAM OF THE SIMULATED INDUCTOR OR 
GYRATOR AND ITS EQUIVALENT CIRCUIT 

Centre Frequencies 
— industry standard: 
32 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 
1 kHz, 2 kHz, 4 kHz, 8 kHz, 16 kHz 

Boost and cut   12 dB 

Frequency Response   10 Hz to 100 kHz, 1-0/-3 dB 
(all controls at centre) 

THD   0.008%, 20 Hz- 10 kHz (with respect to 1 V input signal) 

S/N ratio   105 dB "A" weighted (with respect to 1 V input signal). 

Voltage gain   approx 5, i.e: 14 dB 
(controls at centre) 
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The module comprises two boards, one for the "electronics" (above) and one for the slide pots (below), mounted back-to-
back. The view below shows the interconnections. Measuring 75 x 150 mm, two modules will fit side by side in a standard 

two-unit high 19" rack cabinet. 

--Yelç-T•gb?"-lrç Nefe—e-70-1, 

with good slew-rate and noise performance. 
To form the series resonance circuit we have employed a 

capacitor in series with a "simulated inductor", rather than 
an actual inductor. The simulated inductor or "Gyrator", as it 
is known, is formed from an operational amplifier which is 
used to convert the phase shift introduced by a capacitor to 
that which would be introduced by an inductor. The circuit 
shown here represents the fundamental circuit of the 
Gyrator. 

Notice that this Gyrator circuit simulates an inductor with 
a parallel and series resistance just like a real inductor. Of 
course, a real inductor does not have a parallel resistance of 
330k, its parallel resistance would be many thousands of 
megohms depending on the quality wire used to wind the 
coil, but the relatively low value of parallel resistance does 
not cause a problem in our application. In fact, this circuit 

• 

can be used in the vast majority ot circuits requiring an 
inductor. The value of inductance simulated by the circuit is 
simply given by the product of the two resistors and the 
capacitor. 
One problem associated with all Gyrator circuits, however, 

is that of phase shifts introduced by the operational 
amplifiers at higher frequencies. To overcome this problem it 
is necessary to use an op-amp with an adequately large slew-
rate figure and extended open-loop bandwidth. This is one of 
the reasons we elected to use a TL074 op-amp for this design 
since its slew-rate and bandwidth figures are excellent and 
well suited to the task. 

Using a graphic 
All graphic equalizers, be they one-octave or one-third octave 
instruments, must be used with skill. A good general rule r> 
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aem project 6507 
Component overlay for the slider pot board. 

when employing any equalizer is to use as little equalization 
as possible. Unfortunately, in many listening environments it 
is necessary to employ reasonably substantial modification 
to the frequency response of the listening area or perhaps the 
loudspeakers. Many professional applications take place in 
"difficult" listening environments such as large reverberant 
halls or rooms with generally poor acoustic properties. 

In listening venues which feature both long reverberation 
times and a large degree of reverberation, the intelligibility of 
speech and other sound sources can be greatly impaired. 
Unfortunately, little can be done to correct serious problems 
of reverberation with a graphic equalizer, something must be 
done about the environment — cure the cause, an equalizer 
can only attack the symptom. 
When the problem is less severe, however, the subjective 

effect is usually one of a "brightening" of the overall sound 
characteristic. 
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The opposite problem to this occurs in a listening environ-
ment which is too highly damped. In such an environment a 
"lifeless" or dull acoustic performance will result due to the 
excessive attenuation of certain frequency bands within the 
audio spectrum. This is where a graphic equalizer can play 
its part since it enables the operator to increase or decrease 
the amount of energy within certain frequency bands. A 
graphic equalizer can also be very useful to assist in the 
reduction of oscillation — feedback — of the sound system. In 
bad cases of acoustic feedback, or "howl-round" as it some-
times referred to, a one-third octave graphic equalizer is pre-
ferred, while for severe cases notch filters or phase shifters 
are usually employed. 
The one-octave graphic equalizer described here is suita-

ble for modification of the overall frequency response of the 
listening area or of the loudspeakers employed. It is not really 
suitable for major modifications over short frequency ranges D. 
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CIRCUIT DESCRIPTION 
In order to best understand the operation of the graphic equalizer it 
is useful to look at a simplified circuit diagram shown in Figure A. 
Here an input signal is applied to the non-inverting input of an IC 
operational amplifier via a 10k resistor. Negative feedback is applied 
to the inverting input of the op-amp via another 10k resistor. A slide 
potentiometer is attached between the non-inverting and the invert-
ing inputs and its wiper is connected to ground through an impe-
dance network. 

o-4  o 

Figure A 

Figure B 

If it is assumed for a moment that the impedance network is a sim-
ple resistor and that the slide potentiometer is set at its centre posi-
tion, then the input 10k resistor and the resistance of one half of the 
slide pot and the resistor representing the impedance to ground 
combine to form a potential divider which decreases the input signal 
applied to the non-inverting input of the op-amp. At the same time 
the 10k feedback resistor, the other half of the slide pot and the resis-
tive element to ground combine to form a similar potential divider 
which sets a gain for the operational amplifier which will exactly can-
cel the attenuation provided by the first potential divider. In this posi-
tion the overall gain of the circuit is unity ( 1). 

If the pot wiper is now moved toward the end of the pot connected 
to the op-amp's inverting input then the gain of the stage is 
increased as the amount of the overall negative feedback is 
decreased. At the same time, the amount of attenuation provided by 
the input 10k resistor and its associated potential divider is 
decreased so the overall gain of the circuit increases dramatically. 
The amount of voltage gained provided will be determined by the 
impedance of the impedance network, Z. A precisely opposite effect 
occurs if the wiper is moved towards the non-inverting input of the IC 
operational amplifier. In this case the gain of the op-amp is 
decreased at the same time as the input attenuation is increased. 

If the impedance network Z, which we have assumed until now 
was a simple resistor, is replaced by a series resonant circuit, then 
this scheme will ensure that the gain of the amplifier can be 
increased or decreased within the frequency passband established 
by the Q and the centre frequency of the series resonant circuit. 
To form the series resonant circuits, capacitors are placed in 

series with Gyrators to form an LCR resonant circuit. The operation 
of the Gyrator was discussed in the main body of the article. The for-
mula given in Figure 1 in the main article can be used to calculate 
the value of inductance that is simulated by the Gyrator. Once this 
has been calculated, the resonant frequency of the series reso-
nance circuit is given by the standard formula shown in Figure B. 
The input to the octave equalizer module is coupled via the 10 uF 

bi-polar capacitor Cl to the non-inverting input of IC3a. The 12k 
resistor R22 provides a dc ground reference for the non-inverting 
input of the op-amp, while the 270k resistor R21 ensures that both 
sides of capacitor Cl remain at ground for dc purposes. IC3a is con-
figured as a non-inverting amplifier with a gain of approximately 5.7, 
as determined by the network consisting of R24 and R23. Capacitor 
C2 is incorporated to reduce the gain of IC3a to unity at dc so as to 
minimise the effect of dc offsets on the output of IC3a. Resistor R25 
is the 10k resistor discussed in Figure A above while IC3B provides 
the op-amp function discussed in Figure A. Similarly, R26 is the 
feedback resistor discussed in Figure A. 

In the actual graphic equalizer we have ten slide pots instead of 
one, and ten series resonant circuits. Each resonant circuit is set at 
a centre frequency corresponding to one of the ten industry stan-
dard frequencies. Resistor R27 is provided to buffer the negative 
feedback loop of IC3B to ensure stability of the circuit with difficult 
loads while the 10 uF bi-polar capacitor C4 decouples the output for 
dc. Resistor R28 (270k) has been included to ensure that the output 
remains at zero volts dc. 

ICs 1 and 2 are provided with supply decoupling while IC3 is con-
nected directly to the supply lines. This decoupling is there to ensure 
that the operation amplifiers do not interact with one another to pro-
duce instability, a problem which can often occur in multi op-amp cir-
cuits. The supply decoupling is provided by resistors R29, R30, R31 
and R32 and capacitors C29, C30, C31 and C32. The electrolytic 
capacitors C25 and C26 and their parallel 100n capacitors C27 and 
C28 provide onboard supply filtering. 

IRV'S IRVIO R20 

PIN II ICI 

PIN II IC2 
PIN l IC5 
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aem project 6507 
The "electronics" board component overlay. 
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COMPONENT 
PINOUTS 

STRIPE SHOWS 
GA TI VE LEAD 

VALUE 

RATEO VOLTAGE 

See our 

'PROJECT 

BUYERS 

GUIDE' this 

issue for a 

guide to 

component 

sources and 

kit suppliers. 

AEM6507 PARTS LIST 
Semiconductors 
IC1-1C3   TL074, LF347 

Resistors all 1/4  W, 5% 
R1-R10   330k 
R11-R20   680R 
R21   270k 
R22   12k 
R23   lk 
R24   4k7 
R25-R26   10k 
R27   100R 
R28   270k 
R29-R32   lOR 

RV1-RV10   50k/A, 
45 mm slide pot. 

Capacitors 
Cl   10u/25 V bi-polar 
C2   22u/25 V " 
C3   180p styroseal 
C4   10u/25 V bi-polar 
C5   2u2 MKT, metallised poly 
C6   56n MKT 
C7  u MKT, " " 
C8   27n MKT " " 
C9   470n MKT, " " 
C10   15n MKT, " " 
C11   270n MKT, " " 
C12   6n8 MKT, " " 
C13   lOgn MKT," " 
C14   3n9 MKT, " " 
015   68n MKT, " " 
C16   1 n8 MKT, 
C17   33n MKT, " " 
C18   820p styroseal 
C19   15n MKT 
C20   470p styroseal 
C21   8n2 MKT 
022   220p styroseal 
C23   3n9 MKT 
C24   120p styroseal 
C25, C26 . . 100u/20 V RB electro. 
C27, C28   100n MKT 
C29-C32   lOn MKT 

Miscellaneous 
AEM6507a/b pc boards; four 12 mm 
spacers; four 15 mm 6 BA bolts 
and nuts; 22g tinned copper wire; 
short length of hookup wire 

Estimated cost: $95-$108 

within the audio spectrum, such as might be required in par-
ticularly bad acoustic situations. A one-octave equalizer, 
however, is the optimum solution for certain problems. A 
loudspeaker system which lacks bass or is too bright, for 
example, is best corrected using a one-octave equalizer since 
the low Q associated with each of the frequency bands 
minimises the extent of the phase shift anomalies which all 
equalizers will introduce. 

Construction 
Since the one-octave equalizer module divides the audio fre-
quency spectrum into ten segments, a total of ten slidepots 
are used which must be connected to the printed circuit 
board containing the bulk of the circuitry. To facilitate ease of 
mounting of these slide potentiometers we have provided a 
pc board which will accommodate a group of common 45 

mm slide pots. If you are using the slide pot printed circuit 
board the ten slide pots simply solder into position on the cir-
cuit board then the entire circuit board can be bolted to a 
front panel using several of the tapped holes provided on the 
front side of the slide pots. 
The interconnections between the slide pots are minimal 

so this optional slide pot pc board is not absolutely neces-
sary. Any type of linear slide pot of a value between 10k and 
50k can be used. The only requirement is that all of the ends 
of the slide pots must be connected together and connected 
to the points on the main pc board provided for this purpose 
ad ten connections must be made from the wipers of these 
slide pots to the ten points provided for this purpose on the 
main pc board. In the prototype module we elected to use the 
slide pot pc board and to bolt the main printed circuit board 
to the rear of the slide pot board using four spacers. The main 
pc board and the slide pot have been made the same size so 
that this is possible. 

Construction of the main pc board is not difficult. The 
usual precautions should, of course, be observed. Start by 
mounting the resistors since several of these are located bet-
ween large capacitors and access to their positions will 
become difficult once several of the capacitors have been sol-
dered in place. 
Once all resistors have been soldered into their positions, 

the non-polarized capacitors can be tackled next. Be careful 
not to confuse the 10 uF bi-polar electrolytic capacitors Cl 
and C4, or the 22 uF bi-polar capacitor C2, with the polarized 
100 uF electrolytics required for the power supply filtering. 

Next, solder the polarized electrolytics in place being care-
ful to ensure that they are inserted into their correct positions 
on the pc board and with the right orientation. Finally, the 
three integrated circuits can be soldered into their positions 
on the pc board. All three are mounted in the same direction 
as shown on the component overlay. 
Make the connections between the slide pot printed circuit 

board and the main printed circuit, being careful not to con-
fuse points A and B with each other. If these are confused the 
wipers will work up side down with maximum attenuation 
occurring with the slide pot set to the top position and visa 
versa. No damage will result, however, and this problem is 
easily reversed. 

Powering up 
Once the construction is complete, check all the wiring and 
the location of the components. Check the orientation of 
polarized components, in particular the orientation of the 
ICs. Correct any mistakes you find at this stage. If, or when, 
all is well, the unit can be connected to a plus and minus 15 
Vdc supply which should be well regulated. We have pro-
vided only a pair of 100 uF electrolytic capacitors on the 
octave equalizer pc board since it is assumed that the unit 
will be incorporated within equipment from which a well 
regulated dc supply will be able to be obtained. If this is not 
the case, a supply can be fabricated using a pair of standard 
15 V regulators (type 7815 or LM340-T15) and a small trans-
former. You could use our AEM9501 Dual Rail Supply Mod-
ule, published in the August 1986 issue. 
The input and output connections to the octave equalizer 

pc board should be made using shielded cable. The output of 
IC3B is buffered with a 100 ohm resistor to isolate its negative 
feedback loop from the load impedance so the module 
should be able to drive a large number of devices without dif-
ficulty. The input impedance of the octave equalizer module 
is around 10k which should represent a minimal load to most 
sources. 
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coverage from 500 kHz to 905 
memory channels. 

The new receiver is a triple 
conversion type providing AM 
plus narrowband and wideband 
FM reception. It features both 
keyboard and dial frequency 
selection, auto-mode and auto-
step operations and 10-band 
programmability. 
The large LCD display pro-

vides both frequency, opera-
tional status and "message" dis-
plays — the latter apparently ena-
bles you to write a special mes-
sage or note to appear on the dis-
play. 
The unit has a built-in 

speaker and is powered from 
13.8 Vdc, drawing less than one 

SPECTRUM 

New Kenwood 
receiver 

I 1 77 I- 71 I- 1 1_1 
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Kenwood Electronics Australia will launch this month a 
new "Wideband Receiver" which provides continuous 

MHz and 100 multi-function 

amp. Up-down keys are pro-
vided for stepping through 
channels with the VFO or 
through memory channels. 
Accessory output terminals 

include external speaker, audio 
line out and a video output, 
which suggests TV reception 
possibilities. It's not known at 
this stage whether or not the lat-
ter is built-in or an option. 
Kenwood's new Wideband 

Receiver is expected to retail for 
a little under $1100. See your 
nearest Kenwood dealer, or con-
tact Kenwood Electronics 
Australia, PO Box 348, Lane 
Cove 2066 NSW. (02)428 1455. 

Radical new rules for Ross Hull VHF 
contest 

n an effort to arrest the flag-
ging interest in what should 

be Australia's prestige VHF/UHF 
amateur radio contest, the Ross 
Hull, some new rules have been 
introduced for the 1987 event. 

Probably the major change in 
this year's contest is the intro-
duction of the Maidenhead 
locator system. The Maiden-
head system is widely used in 
overseas contests, but never 
seems to have taken off in 
Australia. 
Many amateur radio texts pro-

vide details of how to work out 
your locator square and the 
Wireless Institute of Australia 
should be able to help with 
details if you are stuck. 
The other major change in the 

rules this year is the fact that 
contacts through orbiting satel-
lites are acceptable, provided 
the uplink frequency is in the 
permitted contest band. This 
rule change will open up some 
interesting possibilities, espe-
cially when propagation isn't 
too good. 
There has been a lot of criti-

cism made of the Ross Hull con-
test rules in the past and these 
latest changes are bound to 
cause some controversy in some 
quarters. You can't please every-

Icorn's newest all-
mode HF rig 

The newly released Icom IC-
761 HF amateur band trans-

ceiver is designed for the 
operator who wants more than 
just a radio, in fact, it's more like 
a complete shack in one pac-
kage! 
The IC-761 is a true all-mode 

transceiver, incorporating SSB, 
CW, RTTY, AM and FM modes. 
Standard features include a 
built-in antenna tuner, elec-
tronic CW keyer, general cover-
age receiver and 100% duty 
cycle power supply. 

The rig incorporates full com-
puter control capability as well 
as provision for connecting an 
external manual or automatic 
linear amplifier, external 
automatic antenna tuner, RTTY 
or AFSK terminal unit or SSTV 
unit. 12 Vdc power is available 
from a rear panel jack to power 
your accessories. 

Inside the IC-761 can be seen 
the results of Icom sponsorship 
of many amateur radio DXpedi-
tions and the feedback received 
from operators who have used 
Icom equipment in some of the 
harshest locations on earth, we 
are told. 

Major advances in circuit 
design have produced increased 
dynamic range for better recep-
tion and a higher quality final 
amplifier for maximum reliabil-
ity and purity of signal output, 
say 'corn. 

!corn involvement in Arctic 
and Antarctic expeditions has 
led to the development, for the 
IC-761. of a high stability crystal 
unit incorporating a built-in 
temperature compensating 
oven providing frequency stabil-
ity of better than 100 Hz over a 
range from —10 to + 60 degrees 
Celsius, Icom claim. 

• For the DXer or contester, the 
IC-761 includes a low distortion 
speech compressor with full 
metering, long and short dura-
tion variable pulse level noise 
blanking, front panel control of 
VOX operation, receive and 
transmit incremental tuning 
and an ultra-deep (30 dB) notch 
filter to eliminate annoying car-
riers. 

True IF monitoring. 20 dB 
preamplification with minimal 
signal quality degradation, 

body as the beleaguered contest 
manager will no doubt tell you, 
but the locator system should 
find some support. 

Many amateurs are still of the 
opinion that the major failing of 
the contest is its length. The 
upcoming event will run from 
December 19th 1987 to January 
10th 1988 and many feel that 
unless they can operate for the 
whole period, there is little 
point in submitting a log. This is 
particularly true when consid-
ering that the contest is held 
over the Christmas and New 
Year period, when family com-
mitments take a high priority. 

A recent VHF contest was 
held in NSW and was based on 
the "sprint" concept, running 
for just two hours. The organis-
ers of the contest were amazed at 
the level of participation and 
other events along the same 
lines are planned in the near 
future. 

Perhaps it is provoking con-
troversy, but it is strongly sus-
pected that if the Ross Hull con-
test was run over say one 
weekend around Christmas, we 
might seea similarly level of par-
ticipation. 

Full rules for the 1987 Ross 
Hull Memorial Contest are pub-
lished in the November 1987 
issue of the Wireless Institute's's 
journal, Amateur Radio. For 
non-members of the Institute 
who don't get the journal, writ-
ing to your local WIA division or 
listening to divisional broad-
casts should get you the 
required information. 

switchable AGC, passband tun-
ing, IF shift and switchable fil-
tering are also included. 
To store all the stations you 

find using the many scanning 
mode variations available, the 
IC-761 is provided with 32 full 
function memories storing fre-
quency. mode and split. 
Memory 1 and 2 set the limits 

for programmed scanning bet-
ween upper and lower limits, 
whilst MODE-S provides mode 
selective scanning. Memory 
contents are selected by a rotary 
switch and displayed at the 
touch of a button. All memories 
are backed up by a lithium cell 
with a ten year lifetime. 

For further information or a 
demonstration of the IC-761, 
contact your nearest authorised 
Icom dealer. 
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Handheld HF SSB 
transceiver 

possibly the smallest com-
mercially available HF trans-

ceiver available in the world, 
Codan's type 8332 was designed 
and is manufactured by Codan 
(NZ) Ltd. The unit was initially 
designed to meet the require-
ments of the New Zealand 
Mountain Rescue Service, who 
had found that VHF and UHF 
transceivers gave inadequate 
coverage in the mountains. 
Weighing only 510 grams 

including batteries, the trans-
ceiver is ideal for those working 
on foot in such applications as 
search and rescue, bushwalk-
ing, exploration and survey. 

Transmitter power is one watt 
PEP and two channels may be 
fitted within the range of 1.6 to 6 
MHz. The 8332 operates from 
eight AA size batteries fitted 
internally and may be fitted 
with an optional socket enabl-
ing operation from a 12 Vdc 
external source. 
As originally conceived, the 

transceiver was to be used with a 
simple dipole antenna cut to the 
appropriate length for the fre-
quency in use. However, an 
optional collapsible 2.5 metre 
whip antenna is now also avail-
able for those operations requir-
ing such a facility. 
The whip, which stows in a 

carry bag only 500 mm long, was 
designed and manufactured by 
Tasmanian antenna specialists, 
Moonraker Australia Pty Ltd. 
Using the dipole antenna, 

reliable operating ranges of up 
to 200 km are achieved assum-
ing use of the correct frequency 
for the propagation path. With 
the whip antenna, the range is 
naturally somewhat reduced. 

The Transceiver is approved 
by the Department of Transport 
and Communications to specifi-
cation RB.210 and is available 
ex-stock from Codan. For further 
details, contact any Codan 
dealer, or Codan Pty Ltd, PO Box 
227, Chatswood 2057 NSW. 
(02)419 2397. 

The "Gosford Field 
Day" on 
again soon 

To give it it's correct title, the 
1988 Central Coast Amateur 

Radio Club field day will be 
held at the Gosford Showground 
on Sunday, 21st February 1988. 
"Gosford" must almost cer-
tainly rank as the "prestige" 
amateur radio event of the year, 
with it's wide range of activities 
and attractions and the 1988 
event is set to be no exception. 

Attractions at the 1988 field 
day include: Homebrew con-
test; homebrew antenna evalua-
tion (70 cm); childrens events; 
lucky door prizes; the ever-
popular disposals; QSL Bureau; 
trade displays; amateur televi-
sion displays; packet radio dis-
plays. For those not "hanging 
around", there are complimen-
tary tickets for a local bus tour 
and the nearby reptile park. 
The gates will open at 8:00 

am, wet or dry as all displays are 
under cover. Registration is 
$4.00 for gents, $2.00 for ladies 
and $1.00 for children. A 50% 
concession is available for pen-
sioners on production of a pen-
sion card and a special group 
concession is available on appli-
cation. 
Companies, persons, groups 

or clubs wanting further infor-
mation or wishing to set up a 
table or display should contact 
the Central Coast Amateur 
Radio Club at PO Box 238, Gos-
ford 2250, NSW before January 
1st 1988. Disposal forms and lot 
numbers can be obtained in 
advance from Reg Brook, 
VK2AI at PO Box 148, Gosford 
2250 NSW. 

For information about 
multiple sclerosis 

please contact the MS Society. 

COMPUTERS 

New Release  
FOUR SPEED SUPER MODEM! 

The MAXWELL-5 
2400/24001200/1200 
1200/75 75/1200 300/300 
CCITT and BELL standards. 
Fantastic value! 

JUST $790! 
LOOK AT THESE FEATURES: 
• AT Command Set • Auto-dial/Auto-answer • Auto 
Speed Select • Auto Test • Tone or Pulse Dialling • Ten 
16- digit Memories, Battery-backed • Test Facilities • 10 LED 
Status Indicators • Inbuilt Speaker. 

Don't Delay, Call Max Today! 
BANKCARD-VISA-
MASTERCARD WELCOME 

24 Burwood Highway (Rd) 
BURWOOD 3125 Vic. 
Ph: (03)288 2144, 288 9067 
FAX: (03)288 0781 

RECEIVE WEATHER FAX, 
RADIOTELETYPE AND MORSE 

CODE TRANSMISSIONS 
USING YOUR COMPUTER 

Build the Australian Electronics Monthly " Listening Post" (AEM3500). a 
simple add-on decoder project - it goes between the audio output ot a HF 
(shortwave) communications receiver and the I(0 of your Commodore 64 
or Microbee computer; software then decodes the transmissions for you. 
Print weather maps. foreign news service broadcasts, amateur and com-
mercial radioteletype or Morse transmissions. ' Fascinating' Useful. too. 

SOFTWARE ONLY: $25.00 
- includes all instructions on the decoder & s,ware 

LISTENING POST "PACKAGE": $35.00 
- you get software, quality fibreglass pc board with component overlay and lull 
how-to- build instructions plus software operating details (Components are widely 
sourced by electronics retaderS) 

*C64 software does not provide Morse decoding 

Send coupon to: A EM Software Service. PO Box 507 
WAHROONGA 2076 NSW. 

Send us a blank C10 cassette or a formatted disk for us to transfer the 
software onto 

SEND ME THE 
LISTENING POST: 
L SOFTWARE ONLY 

E FULL PACKAGE 

My computer & printer are: 
LI Microbee/C.Itoh 8510-type 

O MicrobeerEpson" FX80-type 

O C64 or C128/(most printers) 
I am paying by Cheque Money Order 6,carii tecard Visa 
(make out cheques or money oniers to Aust Electronics Monthly) 

Card No   Expiry   
Signed   
Name   
Address   

  Picode  
Or phone and pledge your plastic: (02)487 1207. 



KENWOOD 
RZ-1 WIDEBAND RECEIVER 
Features: Wideband Frequency Coverage ( 500KHz -- 905MHz). 
including FM Stereo Broadcast and Multi-Channel Television 
Sound. 100 Easy- To-Operate Multi- Function Memory Channels 
with Message Capability. 10-Band Programmable Capability 
Keyboard Frequency Selection Auto-Mode and Auto-Step 
Operations. Multi- Scan Function Easy- To-Read Large LCD 
Display. Compact and Lightweight Auto-Selectable Dual 
Antenna Terminals. Built-in speaker Front-mounting phones 
Jack. Easy-to-operate, illuminated keys. Accessory terminals are 
Line Out/Video Out/External Speaker Terminal Squelch circuit 
for FM ( narrow) mode. UP/DOWN Keys for VFO and memory 
channel 

K ENWOODS' GREAT 

IN 88 

Specifications Frequency Range 500KHz — 905MHz Mode: 
A3[A3E] (AM). F3[F3E] ( FM) Circuitry: AM. FM(N) = Triple 
conversion system FM(W) = Double conversion system 
Sensitivity: AM (S-NiN = 10dB) = Less than 5 uV ( BC band 
10uV) FM ( N) = 12dB SINAD less than 6uV (500KHz — 60MHz) 
less than 3uV ( 60 — 905MHz). Operating Temperature: - 10' - 
-60 C. Audio Output Power 2W ( at 8 ohms load 10% distortion). 
Current Drain: Less than 1A ( audio power output 1W). Antenna 
Impedance. 50 - 300 ohms. Power Requirement: 13.8VDC 15%. 
Dimensions. 180(W) x 50(H) x 158(D) mm. Weight: 1.5kg. 

oo, wt l it ti 

R-5000 COMMUNICATIONS RECEIVER 
The R-500 is a competition class communications 

receiver with superior dynamic range. having every 

conceivable feature, and is designed to receive all modes 
(SSB. CW. AM. FM. FSK) from 100 kHz to 30 MHz. With 

the optional VC-20 "VHF Converter Unit" coverage of the 

108-174 MHz frequency range is provided. 

KEN WOODS' GREAT 
IN '88 

COVERS 

Advanced microprocessor technology controls various 
features, including diial digital VF0s. 100 memory 

channels, memory scroll, memory and programmable 

band Scan. superb interference reduction and other 
features for ease of operation to enhance the excitement 

of listening to stations around the world. 
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TS-140S 
HF TRANSCEIVER 
The TS- 140S is a high-performance HF 
transceiver designed for SSB, CW, AM and 
FM modes of operation on all Amateur 
bands. It incorporates an outstanding 500 
kHz to 30 MHz general coverage receiver 
with superior dynamic range, combining 
the ultimate in compact size with advanced 
technology. 

KEN WOODS' GREAT 
IN ' 88 

$1532 
• • • • 7ei 

10 tO 100 esr 

Float worn 

m.v 

TS-680 
HF TRANSCEIVER 
Includes all the above features 
for the TS- 140S 
PLUS 
Covers Amateur bands 
160 meters to 6 meters 
both Transmitting and Receiving. 
160 meters to 6 meters. 100 Watts output. 
6 meters. 10 Watts output. 

All- Mode operation ( includes USB. LSB. CW. AM and 
FM) 
Compact and lightweight. Measures only 270 Wx96 
Hx270mm and weighs only 6 1kg ( 13 45Ibs). CW Full 
Break- In. Semi Break- In and VOX Circuit. Superior 
receiver dynamic range. The receive front end has been 
specifically designed to provide superior dynamic range. 
The intermodulation dynamic range is 102dB. with an 
overall intercept point of • 12dBm. noise floor level of — 
138 dBm. (when the optional 500 Hz CW filter YK-455C-1 
installed). 31 Memory channels with split memory 

channels and memory scroll Built-in dual-mode noise 
blanker (" Pulse" or "Woodpecker-) IF shift circuit 
Adjustable VFO tuning torque Switchable AGO circuit 
(FAST/SLOW) and built in speech processor RF output 
power control and -F LOCK- switch Non-volatile 
operating system Fluorescent tube digital display and 
squelch circuit ( for FM mode). RF power output — 
SSB 110W. CW , 100W. FM 50W and AM 40W 

New FOR 88‘\ 

• 

KEN WOODS GREATe t, 
IN ' 88 

$1584 

KENWOOD ELECTRONICS AUSTRALIA PTY. LTD. 
4E WOODCOCK PLACE, LANE COVE, SYDNEY, N.S.W. 2066. Ph. (02) 428 1455. 
dr.PL, 
who ore seihng Kenwood •• 
All Kenw000 prOduCls °Mt,  ' 
suppl,K1 by Kenw000 E lec" 
and have no guoronrce uou  

VIO.. 

TM.: 

NW.: EMTRONICS — 94 WENPNORTH AVENUE SYDNEY (02) 211 0988 
REG STOCKMAN DOMNIJN1CATIONS — CNR BANOWDRN ROAD & SHIRLEY Sukt I INVERELL (067)22 1303 

WORMALD COèAMJNICATICNS — 51 CENNLSON suer HAMILTON NEWCASTLE (049) E9 1999 OLD 

MACELEC PTY LID — 99 KENNY STREET WOLLONGONG (042) 29 1455 

ALICC JOHNSON — 19 8ANKS1A STREET 0 CONNCR ACT (062)47 9125 SA & NT 

Dx ENGINEERING — 158 GRANITE STREET PORT WCOUARIE (065)84 9922 WA 

FRANK BOUNDY — USMORE (986)86 2145 

IHTERSTAIE 

PAPA/AFTERS PTY LTD — 1064 CENTRE ROAD. SCUM OAMBGFI (03)575 0V? 

EMTRONICS — SHOP 5 TO 7 288.294 QUEEN STREET MELBOuRNE (03)670 0330 

BRIAN STAPES — 1 1 MALMSBURY STREET EIALIARAT (053)39 2808 

SUMNER ELECTRONICS — 78 KING STREET. BENDIGO (054)43 1977 

WA1SONS WIRELESS — 72 BRISPANE STREET. HOBART (002)34 4303 
MARINE & ODA/MUNICATION — 19 CHARLES STREET. LAUNCESTON (003)31 2711 

V K ELECTRONKS — 214 hicerr S1REF BURNIE (004)31 7733 
MITCHELL RADIO 09 — 59 ALBION ROAD. ALBON (07) 3576a30 
E-MTROMCS — 416 LOGAN ROAD STONES CORNER. BRGBANE (07)394 2555 

INTERNATIONAL COMMUNICATIONS SYSTatS PTV LTD — 8 Mil sniff Pow ADEugoe (08)47 3688 
WILLIS ELECTRONICS — 165 ALBANY HIGHWAY. vicroina PARK (09)470 1118 
BAY RADIO — 22 GRACE STREET FERNDALE (09) 451 356 1 

FORD ELECTRONCS — UNIT 19 70 ROBERTS STREET OSBORNE PARK (09)242 1766 



The VK2AWI packet radio 
bulletin board 
Andrew Keir VK2AAK 

Packet radio is growing rapidly in popularity all over the world where licensing 
administrations permit packet radio operation for amateurs. The development 
of packet radio parallels somewhat that of dial-up data communications 
using the switched telephone network, where dial-up 'bulletin boards" provide 
the "glue" that binds the enthusiasts in the group. On-air open access packet 
radio bulletin boards serve a similar purpose on the amateur bands. 

IT'S NOT CERTAIN whether the NSW Division of the Wire-
less Institute of Australia was the first division to introduce a 
packet radio bulletin board, but it is strongly suspected that 
this is the case. In view of the fact that this system is now well 
established and gaining popularity, it may be a good time to 
describe exactly what it is and what it does. 

A little history 
The VK2AWI bulletin board first went on air in March 1987 
under the callsign of VK2AAK. This was a " public" system 
for all amateurs and was set up by Andy VK2AAK at Seven 
Hills (NSW) in an effort to clear some of the congestion 
which was apparent on the primary Sydney area frequency of 
147.575 MHz. Several bulletin boards were active on that fre-
quency and because of the large amount of traffic being hand-
led, many users experienced frustration when trying to 
access them. For this reason, VK2AAK was established on 
147.600 MHz to serve the local packet community whilst 
leaving existing systems on 147.575 to handle more of the 
"trunk" traffic from interstate and overseas. 
Although the equipment and software were available to 

provide "gateway" facilities to HF channels, a deliberate 
decision was made not to do so in keeping with the concept 
of a " local" system. 
The choice of frequency proved to be quite an advantage, 

with many users finding that they could read messages- or 
download files without heavy congestion of the channel 
causing the system to slow down or "retry-out". The biggest 
disadvantage in using 147.600 was that there were no dedi-
cated digipeaters to extend the range as there were on 
147.575. This meant that, initially, there were some areas of 
Sydney which had difficulty in accessing the system. 

In early April, Andy VK2AAK went to work at Australian 
Electronics Monthly. It was immediately apparent that the 
location of the Magazine's office in South Wahroonga, a 
northern Sydney suburb, high on a ridge not far from Pierce's 
Corner, offered an excellent VHF site with high elevation and 
an almost clear take-off in all directions. The decision was 
made to move the system to the magazine's premises. Once 
this was done, coverage improved markedly and popularity 
started to climb. 

At about this time, one of the topics being examined by the 
VK2 Divisional Council of The Wireless Institute of Australia 
was the establishment of a packet radio bulletin board. It did 
not take long to realise that the simplest solution was to make 
use of an existing system and Andy, who was a member of the 
council, volunteered the use of VK2AAK. This was accepted 
and in mid-May, the system became the "official" VK2 divi-

The VK2AWI BBS runs on a PC XT compatible which is 
primarily used as a word processor during office hours. The 
TNC is a TNC2-A by GLB. 

sion bulletin board. The callsign was changed to VK2AWI on 
June 1st. 

So, what does it do? 
For those who are not familiar, a packet bulletin board is a 
system along similar lines to the many telephone bulletin 
boards which have become popular over the last few years. It 
allows users to connect to the system and read or leave "mail" 
or general bulletins. Files containing items of interest such as 
satellite predictions or even computer programs can be 
uploaded to, or downloaded from the board. 
Where a packet system differs from the telephone system 

lies in the fact that access is via radio instead of telephone 
lines. Any suitably licenced amateur station who has a com-
puter and packet terminal node controller (TNC) can gain 
access. 
To avoid tying up the channel unnecessarily, the prompts 

and system messages generated by the bulletin board are 
short and to the point. Packet radio bulletin boards are far 
less verbose than their telephone counterparts, although sys-
tems such as VK2AWI provide extensive "help" files which 
can be requested by the user. 
One of the major assets of packet radio bulletin boards is 

their ability to forward messages or bulletins to other similar 
bulletin boards. If, for example, a Sydney amateur wanted to 
send a message to an amateur in Newcastle, he could send it 
to his local bulletin board addressed to the board nearest the 
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This printout shows the statistics for VK2AWI for the month of 
September. It shows connects versus hour versus date and 
clearly points out the peak times of use. The WA7MBL software 
keeps a very comprehensive log of the bulletin board activity 
and is very useful in analysing the system's performance. 
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This is a screen dump from VK2AWI showing some of the 
messages which have been left on the system. The various 
columns provide information about the messages. The first 
column is the message number. This is followed by the "type", 
e.g: "PN" means that it is a "private" or "personal" message 
(P) and the "N" means it has not been read by the intended 
recipient. A "BN" in this column indicates a bulletin. The next 
column shows the size of the message, followed by the "TO" 
column and the "@BBS" column which would contain the 
callsign of a BBS to forward this message to. The final column 
contains a short description or title for the message. 
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Here is an example of some of the "files" stored on VK2AWI. 
These are items that are of general interest but may be too long 
to leave as messages or bulletins. Also stored here are items 
such as recent satellite bulletins or RTTY broadcasts. There is 
a separate "directory" on the system which contains a 
selection of public domain programs of interest to the radio 
amateur. 

Newcastle amateur and the message would be automatically 
forwarded. This system will also work on a far greater scale, 
as by sending messages to bulletin boards providing HF 
facilities, messages can be sent all over the world! 
Because VK2AWI was established on 147.600 MHz, the for-

warding of messages to and from other systems on 147.575 
MHz presented a problem. This was overcome by modifying 
the transceiver to change frequency automatically under the 
control of an external timer. In the wee small hours, the trans-
ceiver changes to 147.575, the system sends any messages it 
has for the other system and then automatically requests any 
messages the other system has for VK2AWI or it's users. 
When all the forwarding has taken place, the transceiver is 
switched back to it's normal operating frequency. The same 
thing could have been accomplished by using a second TNC 
and radio, but in view of the extra cost and complexity, it was 
decided to take the cheaper and easier alternative. 

What's it used for? 
The original concept of the bulletin board was as a local mes-
sage system. Because of the ease of access and the fact that 
one of the frequent users of the system was the VK2 division's 
broadcast officer, it became a "de-facto" destination for Wire-
less Institute news and broadcast items. Since becoming 
VK2AWI, the system is used by many clubs and individuals 
for leaving items for the weekly broadcast as well as an effi-
cient medium for the distribution of information from the 
Institute. Messages can be left on the system for the VK2 divi-
sion although users are encouraged to send formal correspon-
dence via the regular mail system to the Institute's office. 
Many other items of general interest are carried, including 

satellite predictions, coming events and reprints of the 
weekly broadcast. Satellite bulletins taken directly from U0-
9 and U0-11 are stored on the system and interesting items 
downloaded from the WIA federal division telephone bulle-
tin board are often made available. 
The system also stores a good number of public domain 

programs of interest to radio amateurs. These include such 
things as propagation forecasting, satellite tracking and 
antenna design. A deliberate decision was taken not to store 
"game" type programs as disk storage is limited and this type 
of software is easy to find on most telephone bulletin boards. 
The mail system handles all sorts of diverse messages, cov-

ering a wide range of subjects. A good example was the recent 
debate on extended Novice privileges. The system was run-
ning hot as users sent their views on the subject to each other. 
Although the system is run under the auspices of the WIA, 
there is no discrimination as to who can use the system and 
what subjects can be discussed. VK2AWI packet BBS is a 
resource open to all suitably licenced amateurs and should 
be regarded in much the same light as a WIA-sponsored 
repeater. Use and enjoy! 

The hardware and software 
The computer which runs the system is a PC XT compatible 
with 640K RAM and a single 20 megabyte hard disk. The 
software currently in use is the WA7MBL version 3.20 code 
which provides extensive forwarding and message handling 
facilities as well as supporting multiple TNCs and radios. 
The system runs under true multi-tasking software so that 

the computer is not tied up at all times just running the bulle-
tin board. As an example, this article is being written using a 
word processing program whilst the bulletin board is run-
ning simultaneously in the background! 
The primary TNC is a GLB TNC2-A although an AEA PK-

232 is available as a standby. The transceiver is a much mod-
ified commercial unit which runs approximately 25 watts to 
an omnidirectional vertical colinear of about 3 dB gain. As 
the station operates unattended for the majority of the time, 

- to page 92. I> 
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crem project 3015 

A broadband balun for HF 
antennas Andy Keir VK2AAK 

Centre fed antennas, such as the common-or-garden dipole, have a 
balanced feedpoint, and for a wealth of good reasons coaxial cable is the 
preferred antenna feedline - but coax is an unbalanced line. Just hooking 
coax to a balanced feedpoint antenna will work, but at best it's not " ideal", 
and at worst, you're asking for problems. A balanced-to-unbalanced 
transformer, or "balun", is the answer. 

CENTRE FED antennas, such as the trap dipole design pub-
lished in our November '87 issue, are essentially a balanced 
radiator. If you feed a balanced antenna with a balanced line 
such as parallel open wire or "ribbon" cable, the balance of 
the system is maintained and all will be well. These days 
however, most radio amateurs — and "professional" com-
municators — favour the use of coaxial cable to feed their 
antennas and whilst this is quick and convenient, coax is an 
unbalanced feeder and should not be connected directly to a 
balanced radiator. 

In a balanced line such as open wire feeder, fields which 
are produced by one of the conductors are cancelled by those 
of the other conductor. This is not the case when coaxial 
feeder is used as one side of the antenna is connected to the 
shield of the cable and the other side to the inner conductor. 
Fields set up in the shield cannot be cancelled by those pro-
duced by the inner conductor as they cannot escape through 
the shield from the inside of the cable. As a result, RF cur-
rents can flow on the outside of the cable and can be responsi-
ble for radiation from the line. 

Radiation from the transmission line is clearly an undesir-
able situation. Apart from distorting the radiation pattern of 
the antenna, there is a good possibility of RF entering your 
shack down the outside of the coax line and that can play 
havoc with all sorts of things, especially as most modern 
transmitters have the shield side of the antenna connected to 
the chassis. 
To overcome this problem, a device is required which will 

match the balanced antenna to the unbalanced feeder by 
decoupling the RF currents from the line. Such a device is 
called a "balun" transformer, the word balun being simply a 
contraction of "balanced-to-unbalanced". 
Many readers will be familiar with the commonly available 

"TV baluns" which are used to transform the balanced 300 
ohm feedpoint of many types of TV antennas, particularly 
the older types — to the 75 ohm unbalanced coaxial feed used 
on most modern TV sets. These devices consist of a simple 
broadband transformer, wound on a ferrite or powdered iron 
"core". We can use the same approach to build a transformer 
to match the unbalanced 50 or 75 ohm output impedance of a 
transmitter to the balanced 70 ohms or so or a dipole 
antenna. In the case of the TV balun, an impedance transfor-
mation from 300 ohms to 75 ohms is required, meaning a 
transformer ratio of 4:1. In the case of the dipole mounted at a 
reasonable height above ground, the impedance of the trans-
mission line is close to that of the antenna's feedpoint, so a 
transformer with a 1:1 ratio can be used. 

It is wise to wrap the toroid with insulating tape or rubber 
tape before winding the wire. This prevents abrasion of the 
wire's insulation by rough edges on the toroid and also 
increases the breakdown voltage of the completed balun. 

This is how the balun should look with the windings in place. 
Note how the turns are spaced equally around the 
circumference of the toroid. At least 10 turns are required, 
but you should be able to manage 12 on the larger T200-2 

toroid. 
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BALANCED 

Circuit of the balun. All windings are the same, being 
wound together, providing balanced-to-unbalanced 
conversion without changing the impedance. The 
"dashed" letters depict the "end" of each winding. 

a 
'.:3ALANCED 

Construction is quite simple. A toroid core is used 
for reasons discussed in the text. The wire is " trifilar" 
wound, the three wires being laid side by side as 
they're wound on. 

LEVEL 
We expect that hobbyists who are 

BEGINNERS 
in electronics construction should be able to 

successfully complete this project. 

The windings of the transformer actually form sections of 
two transmission line, closely coupled by being laid side by 
side, the core serving to electrically "lengthen" the line. One 
winding is common to the other two, forming a common 
"side" of the two transmission line sections. This is con-
nected so as to provide a phase reversal of the common cur-
rents, thus providing the balanced-to-unbalanced conver-
sion. 
Because we are going to be coupling appreciable power 

through the transformer, it will need to be constructed of 
much heavier materials than the TV balun. Also, if the balun 
is going to be useful over the whole HF band, the core mate-
rial will need to be made of a suitable low-loss, high fre-
quency material. We will use a toroidal former made from 
powdered iron and enamelled copper wire of a suitably 
heavy gauge for the windings. 

Toroidal formers are available in a wide variety of materials 
and sizes, but referring to manufacturer's data, it was found 
that the Q2 type best suited our requirements. Two suitable 
toroids were chosen from the Amidon range of products 
which are available through several suppliers. Samples for 
our project were supplied by Stewart Electronics in Mel-
bourne who import and stock the complete range of Amidon 
products. The T200-2 toroid measures approximately 50 mm 
outside diameter and is capable of handling I kW continu-
ous power. The T68-2 toroid, also from Amidon, is made from 
the same powdered iron material but is only 22 mm outside 
diameter and can be used to make a balun capable of handl-
ing powers up to around 150 watts. Both these toroids can be 
identified by their dark red and grey colour coding. 

Construction 
Referring to the circuit diagram, you will see that the trans-
former's three windings are labelled a, b and c. Construction 
of the transformer consists of winding at least ten turns of the 
three wires side by side around the toroid, known as a "trifi-
lar" winding. Although this sounds simple, there are a 
number of ways to go about it which will make the job much 
easier. 

BALANCED 

UNBALANCED 

See our 
'PROJECT 
BUYERS 
GUIDE' this 
issue for a 
guide to 
component 
sources and 
kit suppliers. 

AEM3015 PARTS LIST 
For 1 kW version: 

One Amidon toroid type T200-2; 
three metres enamelled copper 
wire 2 mm dia.; plastic box to 
suit. 

For 150 watt version: 
One Amidon toroid type T68-2; 
three metres enamelled copper 
wire 1 mm dia.; plastic box to 
suit. 

For both versions: 
One SO-239 panel socket, two 
plastic tie-wraps; Perspex 
offcut approx 200 mm x 50 mm 
x 8 mm; nuts, bolts and 
hardware to suit. 

Estimated cost: 

This will depend to some extent 
on the method used to house 
the balun. Our prototype 1 kW 
version cost just under $18.00 
using off-the-shelf components. 
Using the same construction 
methods, you should be able to 
complete the 150 watt version 
for about $ 11.00. 
The Amidon toroids are 

obtainable by mail order from 
Stewart Electronic Components 
Pty Ltd, PO Box 281, Oakleigh 
3166, Vic. Telephone (03)543 
3733. Cost is $ 11.20 inc. tax 
and postage for the T200-2 and 
$3.90 for the T68-2. We 
understand that Geoff Wood 
Electronics of Sydney also 
carry the T200-2. 

The I kW version will require windings made from 
enamelled copper wire of about 2 mm diameter. This stuff is 
very awkward to handle as it is so stiff and considerable effort 
will be required to get the windings reasonably tight. You 
will probably need to use two pairs of pliers to grip the wire 
whilst winding it on the toroid and unless care is taken, this 
can cause breakage of the toroid or damage to the copper 
wire's insulation where it contacts the toroid. If you do use 
pliers, make sure you only grip the windings at the ends as 
the insulation will be damaged by the plies jaws. 
To avoid damage to the insulation of the copper wire, it is 

recommended that a layer of insulating tape is wrapped 
around the toroid before commencing the windings. This 
will not affect the operation of the transformer, but will pre-
vent the insulation being scraped off the wire by any rough 
edges on the toroid and also serves to increase the breakdown 
voltage of the balun. 
When you have prepared the former, cut three lengths of 

wire, each about one metre long. Twist or tape the ends of the 
three wires together to stop them separating whilst winding 
and feed all three through the hole in the toroid so that equal 
lengths protrude each side. It is much easier to start from the 
centre of the winding and work in both directions than it is to 
start at one end. Reference to the photographs will give you 
the general idea of how the wound transformer should look. 
The windings should be spaced as shown and you should 
have at least ten turns around the toroid. In our prototype of 
the 1 kW version, we managed to get twelve turns. Take care 
not to twist the wires so that the turns cross over each other as 
this restricts the space you have for winding. 
The lower power version is constructed in exactly the same 

manner, except that enamelled copper wire of about 1 mm 
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This picture shows the completed balun with the lid removed. 
Heavy nuts, bolts and washers are used to terminate the 
balun windings where they attach to the dipole ends. You 
should drill the holes in the case after trial fitting the wound 
balun and use silicone sealant to block the holes after 
everything is in place. Don't forget to drill a small drain hole 
in the bottom of the case to prevent moisture from collecting 
inside. 

diameter is used. We found that 10 or 11 turns would fit on 
the T68-2 toroid 
Once you have wound the transformer, you will need to get 

your multimeter out and determine the start and ending of 
each winding by using the resistance ranges. Use adhesive 
tape to label the windings a, b, and c as in our diagram and 
then put it aside until ready to connect it. 
The next step is to provide a suitable enclosure for the 

balun. There are a number of ways to do this, but we chose to 
use a plastic "zippy" box of suitable dimensions. A standard 
size box measuring 130 mm x 68 mm x 43 mm was found to 
be ideal for the 1 kW balun. A smaller box could be used to 
house the 150 W version. Whatever method you choose, you 
should provide some sort of strain relief for the dipole ends 
and the coax feed line. The method we chose for our pro-
totype was a fairly thick piece of perspex, bolted to the back 
of the zippy box. Holes can be drilled in the perspex and 
bolts inserted which are used for anchor points for the balun 
windings and the dipole ends. Reference to the photographs 
will show you the sort of thing required. 
A panel mount S0239 socket was used to terminate the 

coax feedline. You should not let the coax simply dangle 
from the socket on the balun as there is a good possibility that 
the cable will pull free from the plug. We used a couple of 
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plastic tie-wraps secured through holes drilled in the bottom 
of the zippy box to provide strain relief for the coax cable. 
Once again, reference to the photographs will show you how 
things can be arranged. As the exact hardware required will 
depend on individual preference and circumstances, I have 
not given exact details in the parts list. 

Connection 
When you have prepared the enclosure, you can trial fit the 
transformer inside and ascertain how long the wire tails need 
to be. When the wire tails have been trimmed to size, (allow a 
little excess for errors) you can prepare the ends by scraping 
off the insulation with a sharp blade. Tin the ends of each 
wire with solder, taking care not to get the windings mixed 
up. 

Start by connecting the START of winding "e" to the END 
of winding "b". This connection will become one side of the 
balanced output of the balun and will be connected to one of 
the dipole ends. Now connect the START of winding "b" to 
the END of winding "a". This connection will be the ground 
side of the unbalanced input of the balun and should be con-
nected to the ground lug of the SO-239 socket. You should 
now be left with the START of winding "a" and the END of 
winding "c". The START of winding "a" is the other side of 
the balanced output and will be connected to the other 
dipole end. The END of winding "c" will be the other side of 
the unbalanced input and should be connected to the centre 
conductor of the S0239 socket. The connections should be 
kept as short as possible, so try to install the toroid in the 
enclosure to facilitate this. 

All holes should be sealed with silicone sealant, as well as 
around the lip of the lid and the four screw holes, but DON'T 
seal the drain hole in the bottom. The accompanying photo-
graphs and captions detail how to finish off the project. 

At the dipole's feedpoint, each wire may be terminated by 
twisting an "eye" in them and securing these between a flat 
washer and a star washer beneath an extra nut on the balun's 
termination bolts. Alternatively, large automotive-style 
crimp-type eye lugs may be attached to the wires, the crimp 
providing mechanical strength, but the wire should be 
cleaned, tinned and soldered to the lug to provide a good 
electrical connection. 
Your balun is ready to be hauled into place. With the 

antenna up, a quick check with a VSWR meter will be all 
that's necessary before putting your new antenna/balun into 
active service. t, 

Another view of the completed balun, this time showing the 
method used to provide strain relief for the coax connection. 
It would be wise to wrap some self amalgamating rubber tape 
around the coax plug and socket after fitting to stop the 
ingress of water into the cable. 



AT A LOSS TO KNOW WHAT TO 
GIVE THAT SPECIAL RELATIVE 
OR FRIEND FOR CHRISTMAS? 

What better gift than one years membership to the 
Wireless Institute of Australia. 

Your gift will be remembered throughout the year when 
they receive the monthly magazine Amateur Radio which 
is full of information to all interested in the hobby. 

As well as joining the world's first amateur radio society, 
the recipient will receive numerous other benefits, such 
as: 

Technical Books at discounted prices 
Information on Reciprocal Licensing 
Use of the Video Tape Library 
Free Hamads. 

Bankcard Visa Mastercard 

FACILITIES ARE AVAILABLE FOR YOUR 
CONVENIENCE 
87 2948SC BKP 

FOR FURTHER INFORMATION BY 
RETURN MAIL, PLEASE WRITE TO: 
SECRETARY 
WIRELESS INSTITUTE OF 
AUSTRALIA 
PO BOX 300 
CAULFIELD SOUTH, VIC. 3132 
Regd Add, 3/105 Hawthorn Road. Caulfield 



BYTE WIDE 

Avtek releases 
new modem 
range 

re-d 
;41 

Avtek, one of Australia's longest established modem man-
ufacturers, has just launched a new range of "smart" 

modem products. 

Totally designed and built in 
Australia. the new Mega-
modems are compact, fully 
Hayes compatible and available 
in either V.21/V.22 or V.21N.22/ 
V.23 configurations. An internal 
"in-modem" is also available as 
a half card unit, suitable for IBM 
PCs and compatibles. 
The Megamodems are up-

ward compatible and carry a 12 
month extended warranty and 
access to Avtek's technical sup-
port line. 
A recent equity injection by 

an offshore investor has allowed 
Avtek to significantly increase 
its R&D and to expand its opera-
tions to take advantage of the 
growing communications mar-
ket. 

Mr. Phil Gleeson, Managing 
Director, was quoted as saying 
"we are now in a position to offer 
locally designed and manufac-
tured products with on-going 
R&D commitments and with 
direct end user support at a 
price not only competitive with 
local modems, but lower than 
"cheap" imports". 

Priced at just $375.00 and 
$449.00 respectively (including 
tax), the new Avtek range looks 
set to put the cat amongst the 
pigeons! For further informa-
tion, contact: Avtek Electronics 
Pty Ltd, 21 Bibby Street, Chis-
wick 2046 NSW. (02)712 3733. 

Super capacity 
micro floppy 

TDK, well known as a 
1 supplier of audio and video 
tape, has recently released an 
enlarged storage capacity 3.5 
inch double-sided, high density 
micro floppy disk providing up 
to two megabytes of storage 
capacity. 
Depending on the operating 

system in use, TDK claim the 
disk, designated MF-2HD, can 
provide either 1.6M or 2M. 
The secret to the increased 

storage capacity is attributed 
partly to TDK's ultra thin coat-
ing technology which involves 
controlling their high density 
Avilyn magnetic formulation to 
within 0.05 microns surface 
thickness. 
The MF-2HD is the first disk to 

utilize an Electron Beam Cured 

Binder technique which was 
originated by TDK. This 
technique involves the high 
density coating of the disk to be 
penetrated by an electron beam 
causing excitation and ioniza-
tion of the binder molecules. 
This process results in an 

extremely hard structure and is 
claimed to assure reliability and 
data safety even after 20 million 
passes! 
TDK claim that every single 

track of every disk is tested and 
certified 100% error free before 
leaving the TDK factory. The 
MF-2HD has a recommended 
retail price of $13.50 each and 
compliments TDK's range of 
existing 3.5 and 5.25 inch flop-
pies. 

Hypertec's 
speediest 
PC speedup card 

Hypertec Pty Ltd claim to 
have developed an 

accelerator board that boosts the 
speed of a standard PC by up to 
1000 per cent — double that of 
IBM's fastest AT. 

Called Hyperformance, the 
board is the second in a group of 
speed-up boards designed by 
the Sydney-based Hypertec. 
The first of these was 

Hyperace 286 Plus and it's 
younger brother. Hyperace 286 
which were released late last 
year. 
They effectively replace the 

host computer's 4.77 MHz 8088 
processor with their own 80286 
processor running at 10 MHz 
and 6 MHz respectively. 
Hyperformance goes a step 

further by once again replacing 
the host 8088 processor with an 
80286. this time running at 
either 12.5 MHz or 16 MHz (av-
ailable from November). 
Operating at 12.5 MHz. 

Hyperformance lifts speed by 
up to 700 per cent — around 50 
per cent faster than the fastest 
IBM AT, according to Hypertec. 
With the 16 MHz version. speed 
is increased by up to 100 per 
cent, they say — double that of 
the fastest IBM AT. 
One megabyte of 16-bit RAM 

on the Hyperformance board 
ensures speed is unrestricted by 
the slow, byte-wide memory of 
the standard PC. All existing 
memory, including that con-
tained in any EMS board, is 
instantly available for RAM 
disks, spooling or expanded 
memory. 

Hypertec says the board is 
designed for computer profes-
sionals who require maximum 
performance from their PC. XT 
or compatible. These include 
CAD and desktop publishing 
users, software developers and 
those who utilise large spread-
sheets. 
One of the major features of 

Hyperformance it it's unique 
automatic slow-down facility. 
The board actually detects 
whether a slow peripheral or 
speed sensitive application 
such as a communications or 
networking program is struggl-
ing at the higher speed and 
adjusts its speed to accommo-
date the device or software. 

In addition, the Hyperfor-
mance board allows the 
operator to slow the machine 
down to normal PC or XT speed, 
without having to flick switches 
or re-boot the machine. 
The recommended retail 

price for Hyperformance is 
$2400.00, including tax. 
Further information can be 
obtained from Hypertec Pty Ltd 
on (02)819 7222. 

New computer 
courses from TAFE 

NSW TAFE's new School of 
Computing and Informa-

tion Systems is developing two 
associate diploma courses to 
train for commercial computer 
careers in programming, sys-
tems analysis and management 
and microcomputing. It hopes 
to begin teaching the courses in 
1988. 
Both courses are expected to 

be offered as two year full-time 
courses, as well as four year 
part-time courses. These 
courses would incur no tuition 
fees and the $250 tertiary 
administration fee would also 
not apply to them. 
The Commercial Data Proces-

sing course will providea sound 
knowledge of data processing 
principles and systems training, 
with a large component of prog-
ramming and systems work 
directed towards commercial 
usage. 
The Microcomputer Systems 

course is to provide broad train- r> 
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COMPLETE 
WITH 

MONITOR! 

' PRICED FOR HOME, BUILT FOR WORK! 
Bargain B & W Monitor 

r---7-11-11 
 M111   

Green Cat X-1223 
Amber Cat X-1224 

The 
Acer 500+ 

By Multitech 
Now there's an affordable computer system with all you need for work or play! The ACER 
500+ comes with 256K or 640K RAM, single or twin floppy disk drives, optional 20Mb hard 
drive, keyboard selectable 4.77/8MHz clock speeds, 12 months warranty, MS.DOS 
software and morel! 

System 1 

System 2 
With 256K RAM, twin floppy disk drives, MS.DOS (version 3.2), serial and parallel ports 
and monitor! Cat X-8051 

software and monitor! Cat X-8050 COMPlete! 995 256K RAM, single floppy disk drive, MS.DOS (version 3.2) 

System 3 
Amazing 640K RAM, single floppy disk drive PLUS 20Mb Hard Drive and MS.DOS (version 
3.2) plus monitor! Cat X-8052 

Check it out tor value! 12 B & W 
TTL Monitor with anti-glare 
screen, pan/tilt base and front 
mounted controls. Exceptional 
value and quality! Cat 5-2400 

$249 
Save $RO!! 
Green or Amber composite 
monitors at this great low price! 
Both feature anti-glare screen, 
wide video bandwidth for 
clearer sharper picture. 30cm 
screen size with front mounted 
controls! 

WAS S249 99 
NOW $24" 

• 

Disk Saver& 
Don't pay more! DSE quality 
51/2 ' Diskettes are so good — we 
use 'ern! In hard plastic storage 
box they make good sense. 

$2495 SS/DD Cat x-ssoo Box Of 10 

$2695 DS/DD Cat X-3501 Box Of 10 

Makes Working Easier! 
Quality monitor swivel bases. 
Two great models to choose 
from. Both feature robust 
construction, 360 degree 
horizontal movement and 25 
degree vertical adjustment. 

Budget Base! 
With anti-skid feet! Takes 22cm With front mounted locking 
to 35cm screens. Cat S-1190 knob. Lets you adjust 

the angle without removing 
the screen! 

Cat X-1191 $3995 

Deluxe Base 

Budget Beaters! 
Our new Budget DS/DD 51/4 " 
Diskettes! Look at the fantastic 
low price! Ci X-3521 

Pack Of 10 s 895 

Letter Quality or Lightning Fast! 
The best of both worlds! Fast 135cps Dot Matrix printer. 
Choose between super speed or near letter quality. Ideal for 
graphics. correspondence, invoicing... anything! 101mm to 
254mm paper widths and with inbuilt 
tractor feed! Cat X-3225 

20% Off Gender Bender! 
Female/Female! Adapts male Serial cables without rewiring or 
resoldering! Simply plug it in. Twin female DB25 sockets with all 
wired pin to pin! Cat X-3566 

$499 

$12" 
The Male/Male Gender Bender is really kinky! It does just what the 
female one does only differently! Save 20% now! Cat X-3565 

ONLY $1295 RS232 Breakout Box. ,$ 

Magic Modem! 
The Bit Blitzer 12E, the best thing to happen to 
modems in years! With selectable full duplex 1200/ 
1200 or 300/300 baud, auto answer/dial/ 
disconnect. Telecom authorised, quality 
construction. Hayes AT command set compatibility, 
fully keyboard controllable. Cat X-3306 

Also available Bit Blitzer 123E. same as above plus 1200/75 Viatel $499 
operation. Cat X-3307 

Bit Blitzer Buyer's Bargain Bonus! 
Buy a Bit Blitzer this month, and we'll throw in the serial cable... FREE! 

That's right: your choice of either 25/25 pin -D" cable (X-3564) or 25/9 pin "D" cable 
(X- 8007). 

SAVE UP TO $29.95 — THIS MONTH ONLY! 

Hard Drive! $ 14395 
11 /0 

$59 

$275° 
Printer Switching 
,..equ'imr(, The Parallel Switch Box will 

save you heaps! Lets you run 
one printer from two 
computers or even two 
printers from one computer. 
No more cable changing! Just 

95 plug it in and it does the rest! 
Cat X-3571 

Just what you need for serial 
applications like modems, etc! 
Anywhere connections need 
constant changing! DB25 
male to female with pin 1 
permanently wired. The 
others are open with wire 
links supplied. Cat X-3568 

WAS $17.50 

$995NOW 

$3995 •. 
DICK SMITH 

$ 295 1 

Almost 1/2 Price! 
Permanent RS232 Jumper 
box! Just like the breakout 
box except that the 
connections are made 
internally and soldered for 
permanent connection. All 25 
pins are open and wire links 
supplied! Cat X-3569 

Save Desk Space! 
With the CPU Floor Mount 
Stand you can mount your 
CPU on its side — beside the 
desk! Gives you back your 
desk for working on. Great 
idea! Cat X-3810 

abit Order by phone: 24 hour mar cs 
„, despatch through DSXpress. 

Rc,)s) Call TOLL FREE (008)22 6610   
(Sydney Area, call 888 2105) PTY LTD 



MAKE YOURSELF A MODEM! 
Build yourself a modem. Save money, learn about the technology and enjoy the pride and satisfaction that comes from having made it your-
self. By special arrangement with Maestro Distributors, we're able to offer these kits to AEM readers. And these Maestro kits look "just like a 
bought one". They're complete to the last nut and bolt, right down to comprehensive building instructions and user manuals. And Maestro 
offer a fix- it service for a reasonable charge should you strike problems. 

Select a modem to suit your computer and your budget. 

THE AEM4622 
BIT STREAM FLYER 
Here's the most economical way to get going at 1200 bps (V22) full duplex. 
Upgrade your current datacoms system without throwing your existing 
modem away. This one's just like any other "dumb" modem. All you need is 
a computer with an RS232 serial interface and a terminal program or com-
munications software. Powered from 12 Vac plugpack. 

Now only $169.00! 

The components would cost you over $200 alone at retail prices. 

12 Vac plugpack to suit: $14.00 

I wish to order the following kit(s): 

AEM4610 MAESTRO SUPERMODEM 

  (a) V21, V23 kit(s) at $250.00 ea. 

  (b) V21, V22, V23 kit(s) at $350.00 ea. 

Please include   16 Vac plugpack(s) at $ 14.00 ea. 

AEM4622 MAESTRO BIT STREAM FLYER 

  kit(s) at $ 169.00 ea. 

Please include  12 Vac plugpack(s) at $ 14.00 ea. 

APPLE MODEM 

 kit(s) at $249.00 
Add $8.00 each for delivery 

TOTAL: $  
I enclose $ total, payment by: 

Cheque No:   

Money Order No:   
(make cheques or money orders payable to "Australian Electronics Monthly") 

Bankcard No:   

Visa:   

Mastercard:   

Signature:   
(unsigned credit card orders cannot be accepted) 

Name:   

Address:   

Postcode:   
(Please allow for normal mail and bank clearance delays) 

SPECIAL OFFER 

THE AEM4610 
MAESTRO SUPERMODEM 
Described in AEM over April-August 1986, this popular "smart modem" pro-
ject now comes with a "new look" and many software enhancements over 
the original version. Just look at these features: 

• Hayes compatible • auto-answer/auto-dial/auto-hangup • baud rate 
sense • built-in bit rate converter • meets Telecom requirements • expan-
sion bus for easy upgrades • V21, V23 (300/300, 1200/75, 75/1200 bps) opera-
tion • V22 ( 1200/1200 bps) upgrade board available • RS232 interface • 
powered from 16 Vac plugpack. 

Choose from two kits: 

(a) AEM4610 with V21, V23 — $250.00! 
(b) AEM4610 with V21, V22, V23 — $350.00! 

With falling component costs and other economies, Maestro 
can now offer it at less cost than the original kit offer! 

16 Vac plugpack to suit — $14.00 

APPLE OWNERS! 
So you thought you'd been deserted by the card makers of yesteryear? 
Here's a " Hayes Micro-Modem Compatible" modem with 1200/1200 bps 
full duplex (V22) plus 1200/75, 75/1200 (V23) and 300/300 (V21) modes 
plus auto-dial and auto-answer. No serial card required! 

This is a new release from Maestro. 

Kit price: $249.00! 

This offer is made by Maestro distributors and AEM is act-
ing as a clearing house for orders. 

ORDER & DESPATCH CYCLE 

The incoming orders are collated, cleared and despatched twice a 
week to Maestro who then fulfill your order. 

FILL IN THE ORDER COUPON NOW! 

Send completed orders to: 

AEWMAESTRO MODEM KITS OFFER 
PO Box 507, WAHROONGA 2076 NSW 

OR — you can phone us and "pledge your plastic" to order. Call 
(02)487 1207 ext. 12 and give your name, address and credit 
card details. 
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BYTE WIDE 
ing in the installation, operation 
and management of stand-alone 
and networked microcomputer 
systems. 

For more information regard-
ing these courses, contact: Mr. 
Roy Hill, School of Computing 
and Information Systems, Syd-
ney Technical College, Building 
G, Mary Ann Street, Ultimo 
2007, NSW. Telephone (02)217 
3828 or (02)217 3498. 

AWA wins award 
for local area 
network 

For the second year running, 
Amalgamated Wireless (Au-

stralasia) Ltd has taken out the 
prestigious Engineering Pro-
duct Excellence Award. 
AWA's winning entry this year 

is AWANET, an advanced local 
area network (LAN) system 
which took five years and some 
$2.8 millioh to develop. 
The system is already in use as 

the communications backbone 
for the Sydney Police Centre 
Radio Control System and it 
will also be incorporated into 
the air traffic control system to 
be installed at the RAAF's F/A-
18 fighter base at Tindal in the 
Northern Territory. 
AWANET uses an innovative 

mix of multipair copper cable 
and optical fibre cable to inter-
connect computers, peripher-
als, telephones, intercoms, 
radios, sensors and displays. 

It can be installed in old or 
new buildings, in ships or in 
transportable cabins and AWA 
sees it as the answer to many of 
the internal communications 
wiring and interface problems 
that confront large organisa-
tions daily. 
A major design breakthrough 

in the development of AWANET 
permits a virtually unlimited 
number of users to "confer-
ence", without the need for a 
"press-to-talk" switch for each 
speaker or a VOX system, which 
locks other speakers out. 
This feature allows police and 

emergency service officers to 
talk together in an emergency, 

FREE! 
PUBLIC DOMAIN 

I SOFTWARE 
Specify the computer you ha% e 

interjecting with new informa-
tion as necessary. 

The 
"computerised" 
World Expo 88 

ext year's World Expo 88 
will be the most corn-

puterised international exposi-
tion in history. Computers will 
make easier the location of 
everything from lost children to 
lost umbrellas, provide more 
effective security and allow vis-
itors easy interactive informa-
tion seeking. 
Expo has installed a com-

munications system with the 
largest local cable system of it's 
kind in Australia, consisting of 
26 km of data transmission 
cable laid on the site. 

'fhe lost children computer, 
called "Lostots" should make a 
visit to Expo a lot less traumatic 
for both parents and children. 
Lost and distressed children 
would be taken to one of five 
centres on the Expo site where 
they would be able to see and 
talk to their parents on a colour 
screen equipped with automa-
tic video camera, microphone 
and speaker. 
Children are not the only 

things that get lost at large 
events. It is possible that as 
many as 20 000 umbrellas, 20 
000 wallets, handbags and 
purses and 30 000 other per-
sonal items will be left behind 
or misplaced during the six 
months of Expo. 
The location of these items 

will be made quicker and easier 
with the Expo"Finders" compu-
ter. Details of all items lost or 
found will be recorded by the 
computer allowing a quick 
cross-reference check to be 
made. 
The Expo "Info" system will 

give visitors information about 
the pavilions and exhibitors, 
what's on at entertainment ven-
ues, food and beverage services 
and outlets, maps of the site, 
transport facilities and tourism 
information. Touch screens will 

be employed to provide a 
friendly, interactive system for 
information seeking visitors. 

Another system, Expo "Acc-
sys" will control quickly and 
efficiently the entry of season 
pass holders and accredited per-
sonnel at designated entrance 
gates. The "Accsys" system 
works with infra-red scanning 
equipment to read and check 
that the pass is valid and has not 
been reported stolen or missing. 

All participants at Expo will 
be linked with Expo's offices 
through a major communica-
tions system driven by an IBM 
System/38 computer which will 
be the largest one of its kind in 
Australia. Other manufacturers 
and suppliers represented at 
Expo include the American 
based Datapoint Corporation, 
Intermec and Telecom 
Australia. In addition, negotia-
tions are being held to sell some 
of the software developed to 
overseas organisations. 

New EGA card 

Electronic Solutions of Syd-
ney has introduced the 

"PEGA" card, an EGA compati-
ble video card for PCs and com-
patibles which is claimed to pro-
vide important extra facilities at 
a much lower price than com-
peting products. 
Among its extensive 

facilities, the PEGA card offers 
complete compatibility with 
software written for all the other 
video standards, including Col-
our Graphics (CGA), Hercules 
Graphics and Plantronics "Col-
ourPlus" modes. 

External switches mean that 

the PEGA card can be confi-
gured from outside the system. 
An easy to use utility is 

supplied with the card to allow 
users to switch between modes. 

Flicker-free scrolling is per-
formed in all modes and 256K of 
RAM is installed on-board. 
The card fits straight into a 

"short slot" and is fully compati-
ble with monochrome, RGB and 
enhanced RGB monitors. It can 
be configured to work in a "twin 
monitor" arrangement, in con-
junction with another video 
card. 
The price of the PEGA card is 

$495.00 including tax and car-
ries a 14-day money back 
guarantee. For further informa-
tion, contact: Electronic Solu-
tions, PO Box 426 Gladesville, 
2111 NSW. (02)427 4422. 

Phone line zap 
stopper 

They may seem like four unre-
lated words, but they'd take 

on a new importance if your 
modem and computer were zap-
ped by a lighting charge con-
ducted via the phone line, 
according to Max Elliot of ABE 
Computers in Melbourne. 
A Canberra journalist reported 

recently that his modem and 
computer had been damaged 
severely from a substantial 
"spike" conducted via the Tele-
com phone line. 
Max had the answer for him, a 

little solid-state "button" that 
connects across the Telecom line 
with a wire going to the house-
hold ground. 

It can be installed in a standard 
phone line plug or socket. 
The device has been tested by a 

local university and found to do 
the job, according to Elliot. 

It's also good for protecting 
FAX machines, or anything else 
that uses a direct connection to 
the Telecom phone line, he 
claims. 
The device costs just $29.00. 

On a clear day, call Max at ABE 
Computers, 24 Burwood Hwy, 
Burwood 3125 Vic. (03)288 2144. 

IBM-APPLE-AMIGA 
* Macintosh Library Discs 

Full of the best of the available Public 
Domain Software 
Send 6x360 stamps for postage. 
° Add 810 for MAC 3.5" Disks 

MICRO- EDUCATIONAL Pa l 

8/235 Darby Street 
Newcastle 2300 
(049) 26 4122 
Australia's Largest Computer 
Mail Order Company 
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Low cost hard copy 
for the Commodore 64 
Andrew Pierson 

Here's how to interface a cheap Telecom-surplus teleprinter to your 
Commodore 64. A program called "Baudprint" converts the computer's normal 
output of ASCII characters to Baudot characters required by the teleprinter, 
and provides unambiguous "codes" for the C64's special characters so 
printouts miss nothing. 

SECONDHAND teleprinters are an attractive proposition for 
cheap computer printout, but until now the big problem has 
been that the Baudot character set does not include a number 
of vital ASCII characters. With the Commodore 64, the prob-
lem is compounded by those ubiquitous "quote-mode" 
graphics characters. Baudprint is a two-part program 
(machine code and BASIC) which not only solves these prob-
lems, but includes all sorts of other "goodies" as well. 

Interfacing the Commodore to a teleprinter is a relatively 
simple exercise. It is the software which performs the 
"tricks", so let us examine that first. 
The program is comprised of two sections — a machine 

code part which is "the works", and a BASIC part. The 
machine code part is loaded into the cartridge RAM area of 
the C64 and this is then accessed by a BASIC driver program 
which runs either by itself, or attached to a host program. The 
machine code can also be accessed directly from other 
machine code programs, or from BASIC via SYS calls. Some 
of the features of Baudprint include: 

• A screen dump with several graphics driven editing fea-
tures, including starting row selection, line abort, line feed, a 
"paper out" sequence and a stop code. 

• Subroutine printing (the normal printing mode), which 
allows you to lift text out of a screen "window" of any 
defined size and then return to your host program in BASIC. 

• Direct printing from tape or disk files without having to 
load the files into the C64. 

• A TTY (teletype) test section which includes two test mes-
sages and also a continuous alternating signal for margin 
selector adjustments. 

• A merge facility which allows you to add a previously writ-
ten program to the BASIC section of Baudprint. 

• Common teleprinter speeds are supported. including 
45.45, 50 and 75 baud. The speed can also be changed in 
small increments if you don't want to fiddle with the TTY 
governor. 

The principles of Baudprint 
To overcome the problem of missing characters in the Baudot 
character set, Baudprint substitutes special two letter groups 
in lieu of unprintable ASCII characters, "quote mode" sym-
bols or graphics. The derivation of the groups have been care-
fully thought out so that they are unambiguous and easily 
remembered. The groups are made easily distinguishable by 

FIGURE 1. Baudprint's two-letter substitutes for unprintable 
ASCII characters and "quote mode" symbols. 

BAUDPRINI 

C-64 
'QUOTE-MODE' 

CURSOR-LEFT 

CURSOR-RIGHT 

CURSOR-UP 

CURSOR-DOWN 

CLEAR-HOME 

HOME-CURSOR 

REVERSE-ON 

REVERSE-OFF 

C-64 
GRAPHICS 

DERIVATION  

AI 

!pen square !rackets 

Dose square !rackets 

qp Arrow 

Left Arrow 

pclamation Mark 

quote quote 

Muddle! 

ANd 

Mlterisk 

Semi Colon 

Less Than 

Greater Than 

Cursor Left 

Cursor Might 

fursore 

Cursor flown 

Clear Mome 

Morse Cursor 

Reverse oil 

Reverse ofi 

ir 

All remaining graphics characters are identified by their Commodore 
Screen Display Code; cg 

..SDC-092.. 

..SDC-I23.. 

printing two periods either side; e.g: an asterisk is printed as 
..AS.. and a cursor-down "quote mode" character appears as 
..CD.. and so on. The two periods should never appear in nor-
mal programs, so you can't mistake the groups. When con-
secutive groups are printed, there will be four periods bet-
ween them. This makes counting of a number of cursor move-
ment characters very easy since the groups are separated by 
both distance and profile. 
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D1 
1N4004 

A 4  

240V 
50Hz 

N 4  

E   

Ti 

D2 
1N 4004 

C1 
2200u 
25V 

IC1 I 
4N28 

R1 

C64 
USER 
PORT 

A 0  

SC549 

4•01•111, 

03 

02 
BC549 

CIRCUIT DESCRIPTION 
The circuit is powered from the 240 V mains via a 15 V centre tapped 
transformer Ti. The transformer drives a full wave rectifier which 
delivers about 10 V and from which the regulator, comprised of Q1 
and 02, develops a variable potential of around 6 V. The Baudot 
code at TTL level appears on pin C ( PBO) of the C64's user port and 
when this line goes high, transistor Q3 will turn on allowing current 
to flow through the LED part of the opto-isolator, IC1. The transistor 
part of the opto-isolator will turn on, depriving transistor Q4 of base 
current, thus turning it off. Since 04 is used to control the output vol-
tage of the regulator, the Baudot code will appear at its collector. The 
lower point of the voltage swing at the collector of Q4 is 0 V and the 
upper point is made variable by changing the regulator output vol-
tage. The selector magnet coil of the teleprinter is then driven by the 
"super-alpha" darlington pair, 05 and 06. 
The disc ceramic rail bypass capacitors C3 and C4 and the base 

feed resistors associated with the emitter followers are measures 
against parasitic oscillations which can sometimes plague high gain 
common collector stages. Excess voltage available for the collector 
of 06 is used to power the indicator LED; 20 mA passes through the 
LED whilst the remaining 40 mA passes through the parallel 47 ohm 
resistor R11. The LED will illuminate if idle current is passing and will 
blink when data is being transmitted. 

Transistor Q6 does not require any additional heatsinking, pro-
vided air can pass freely around it. During the " idle" or non-printing 
periods, a current of 60 mA must be maintained through the tele-
printer's selector magnet coil. The value of this current is set by 
removing the link at the left of the LED and measuring the current 
between the two ends of the link. The current is adjusted to 60 mA 
during idle by adjusting the 1k preset RV1. 

+10V 

R8 

04 
BC549 

Graphics 

I . C4 

—j— 25V 
100n 

05 
BC549 

LINK 
60mA 
(IDLE) 

06 
R10 BD139 

TO TTY 
SELECTOR 

'MAGNET 

LED1 

Graphics characters which are not in Baudprint's repertoire 
are identified by their Commodore screen display code, so 
you can easily look them up. This means that it is not neces-
sary to hand annotate anything on the printout. To further 
facilitate reading, Baudprint will not break up any substitute 
group. If there is insufficient space at the end of a line, the 
group will be printed at the beginning of the next line. When 
this happens, the end of the previous line will be marked by 
the Baudot "stop" or EOT symbol. This symbol is very dis-
tinctive and is not used in computing. 

The hardware 
In order to use a teletype machine with your computer, you 
will need some additional hardware to convert the TTL level 
signals of the computer to the current loop interface of the 
teleprinter. The design presented here is an efficient low vol-
tage unit which is ideal for use with the Siemens 100 type of 
teleprinter currently quite commonly available on the 
surplus market. 

Construction 
Construction of the interface is quite straightforward if you 
use the pc board designed for the project. Check the board 
before fitting the components, making sure that all holes are 
drilled correctly and that there are no shorts or fractured 
tracks. I> 
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AEM4509 PARTS LIST 
Resistors all 1/4 watt 5% 
R1  47k 
R2   470R 
R3   4k7 
R4   1k 
R5   2k2 
R6   10k 
R7   2k2 
R8   1k 
R9   10k 
R10   100R 
All   47R 

RV1 1k vertical 5 mm trimpot 

Capacitors 
Cl .... 1000u/25 V RB electro 
C2   220u/16 V RB electro 
C3-C4   100n ceramic 

Semiconductors 
D1-D3  1N4004 diode 
ZD1  4V7/400 mW zener 
01-05   BC549 
06   130139 transistor 
IC1   4N28 opto-isolator 
LED1   TLR107 red LED 

Miscellaneous 
Ti   M-2155 transformer 

AEM4509 pc board; mains lead 
and plug; mains cord clamp 
grommet; 2-way mains connec-
tor block; panel mount fusehol-
der; 500 mA fuse; two small rub-
ber grommets: C64 user port con-
nector and backshell; one metre 
hookup wire; two metres single 
core shielded cable; nine pc 
board pins; plastic or aluminium 
case to suit; nuts, bolts, spacers, 
washers, lockwashers and earth 
lug. 

Estimated cost: $50-$55 

4N 28 
Pnt Mode 

2 Cathode 
3 NC 
a Emma, 
5 Collector 
6 NC 

BD139 

BASE 

COLLECTOR 
EMITTER 

BC549 

COLLECTOR 
BASE 

EMITTER 

halvE LEAOV D 

vat.t.rE 

RATED VOL TAM 

COMPONENT 
PINOUTS 

Commence by fitting all the passive components such as 
resistors and capacitors and take care with the polarisation of 
the two electrolytic caps Cl and C2. Use pc board pins for the 
connections to the transformer secondary, the C64 user port 
connections and the selector magnet connections. It is also a 
good idea to use pc board pins in the two holes associated 
with the link as the link can be re-fitted after adjusting the 
magnet current without having to remove the board from it's 
case. 

Construction can now proceed with the semiconductors. 
There are two silicon diodes, one zener diode, five BC549 
transistors, one BD139 transistor and the 4N28 opto-isolator. 
Take care that all these components are inserted with the cor-
rect polarisation before soldering them in place. 
Once you have completed the pc board, you can turn your 

attention the the case. We used a diecast aluminium case for 
our prototype, but there is no reason why a plastic case of 
suitable dimensions could not be used. Drill the holes for 
mounting the transformer and pc board after trial fitting them 
in place and also drill holes in the end of the case for the 
panel mount fuseholder and mains cord grommet. The wir-

LEVEL 
We expect that constructors of an 

INTERMEDIATE 
level, between beginners and experienced 
persons, should be able to successfully 

complete this project. 

Component overlay, showing placement of all the 
components. Note that all the off-board connections are 
marked, too. The LED may be mounted on the lid of the case 

enclosing the unit. 

This photograph shows the completed interface pc board 

ready for installation in a suitable case. In our prototype, we 
put the LED on the board, but there is no reason why it could 
not be mounted on the case using a suitable bezel. 

CIRCUIT VOLTAGES 
To assist constructors, we have provided an analysis of the vol-
tages that can be expected at the electrodes of each of the six 

transistors in the project. Because of variations in components, 
there might be some slight differences in the readings obtained in 
your project. Slight differences are nothing to worry about, but if 

the readings you obtain are markedly different, the information pre-
sented here should enable you to narrow down the suspect area. 
The measurements were made with the 240 V mains input con-

nected and turned on, the teleprinter machine connected and 

turned on, the loop current adjusted for 60 mA and idle (no signal) 
conditions. A 100 WV meter was used to make the measurements 

and all are with respect to ground. 

Transistor emitter base collector 

01 
02 

03 
04 
05 
06 

4.5 V 
6.0 V 
0.0 V 
0.0 V 

5.35 V 
4.6 V 

5.2 V 
6.7 V 

0.65 V 
0.035 V 

6.0 V 
5.3 V 

6.7 V 

9.9 V 
9.9 V 
6.0 V 
9.9 V 
7.8 V 
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An internal view of the completed interface. Notice the use of 
pc board pins for terminating the flying leads. For clarity, we 
have not insulated the mains wiring in the prototype. For 
safety, you should use insulating tape, "spaghetti" or 
heatshrink tubing to cover all exposed mains wiring and the 
connections to the fuseholder. 

ing diagram shows what connections are required, but take 
extra care with the mains wiring and cover any exposed 
mains connections with insulating tape or "spaghetti" after 
they are made. 

If you are using the M-2155 transformer as specified, you 
should make the centre tap connection to the pc board from 
the 7.5 V tap. The 0 V and 15 V taps are then used for the other 
two connections. This will result in a 7.5-0-7.5 V configura-
tion which is what's required. 
The price estimate quoted in the parts list covers the pur-

chasing of all components and is dependent principally on 
the cost of the "hardware" items. You may elect to use a plas-
tic utility box for a saving of perhaps $10 in cost. You may use 
a transformer you have on hand, provided it has the required 
secondary voltage rating. Only about 100 mA is drawn, so a 
low-current transformer only is required. It is strongly 
suggested you use a proper edge connector for the C64's user 
port. 

This section of the internal view of the interface clearly 
shows the layout of the mains wiring. Make sure you use a 
proper cord-grip grommet for the mains cable, not a simple 
rubber type. When you drill the hole for the grommet, make 
sure it will be a snug fit and the cable is held tight. Note that 
the required hole has two flat sides to prevent twisting of the 
grommet. Drill the hole to the diameter of the flat sides, then 
file it to shape. 
The neutral (blue) wire is connected to one side of the 

transformer primary via the terminal block. The active (brown) 
lead is terminated directly to one side of the fuseholder. The 
other side of the fuseholder is then connected to the other 
side of the transformer primary via the terminal block. 
The earth (green & yellow) wire is cut somewhat longer 

than the active and neutral wires and is terminated to a solder 
lug firmly clamped to the chassis under one of the 
transformer mounting bolts. You should use a shakeproof 
washer under the nut to ensure a good connection and to 
prevent the nut from coming loose. 
With all mains wiring it is important to insulate any exposed 

parts with tape or "spaghetti". For the sake of clarity, we 
have not done this in the unit pictured. 

If you wish, a degree of additional electrical isolation bet-
ween the C64 and the interface/teleprinter may be obtained 
by disconnecting the end of R2 that connects to Cl, replacing 
R2 with a 22OR resistor and connecting the 'free' end to pin 2 
of the user port. 

About the teleprinters 
Currently, the most readily available teleprinter in Australia 
is the Siemens 100 and large numbers have been released 
onto the surplus market by Telecom. These units are well 
engineered and providing the motor brushes and bearing are 
in good condition, they will probably give many more years 
of reliable service. Motive power is provided by a high speed 
governor controlled 240 Vac motor, running at 5000 rpm and 
consuming only 35 watts. You should be aware that there are 
some 100 Vac versions around and whilst these will be 
entirely adequate for our purposes, you will need a suitably 
rated stepdown transformer to use the machine on the 240 V 
mains in Australia. 

Several variants of the Siemens 100 were made, with the 50 
baud keyboard/printer model being the most common. Some 
models have tape readers and punches, but these are not of 
much use in our application and only increase the bulk of the 
machine. The "prize catch" is the 75 baud printer only. These 
were used for the transmission of telegrams to post offices 
and are a good choice because of their higher speed and 
lower bulk as they have no keyboard. If you have a choice 
when buying your teleprinter, choose one that looks clean 
inside as this probably means it has been recently serviced. 

Teleprinter consumables 
Paper for the Siemens 100 is readily available and if you have 
no cheaper source, it can be obtained from many office 
stationery suppliers. The ribbons are a standard item (DIN 
2103) and should be stocked by most typewriter specialists. 
Two types of lamps were used for interior illumination; I> 

This project actually arose out of the efforts of a number of contributors 
working independently. While Andrew Pierson wrote the Baudprint 
software published here, and provided a circuit for an interface, Frank 
Rees, a keen computer/electronics enthusiast from Victoria, and Roger 
Graham, a teacher from NSW, contributed ideas and practical circuits 
which we have drawn upon. (Roger Graham has contributed simple 
Baudot output software for the Apple Il, which we hope to publish in the 
future given sufficient interest). The contribution of Ian Jellings from 
South Australia, published in our Commodore Codex Column of Feb-
ruary 1986 is mentioned in the text. The interface circuitry given here is 
an amalgam of the ideas contributed by the above-mentioned authors. 
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either 6 V festoon bulbs or a single 6 V, 18 W globe having a 
single contact bayonet cap. Both of these can be obtained 
from Lucas Industries Australia Pty Ltd, or from auto electri-
cal dealers. 

Wiring 
The physical arrangements of feeding 240 Vac to the tele-
printer will have to be left up to you as there are a number of 
different configurations depending on the type of machine 
used. The Siemens 100 was meant to be used with a control 
unit and connections to the machine were made by a special 
multi-pin connector. Most hobbyists elect to remove the 
multi-pin socket on the teleprinter and wire the mains 
directly to the machine. If this method is used, it would be 
wise to install a 500 mA slow-blow fuse in the active lead. 

If you are uncertain about the teleprinter wiring, a good 
source of advice may be found in amateur radio circles. Many 
radio amateurs are familiar with teleprinter machines and 
some guidance on re-wiring them is usually forthcoming. All 
wiring associated with mains voltages should be secure, well 
insulated and installed well away from rotating shafts etc. 
The active and neutral wires have been found to be trans-
posed on some surplus machines, so take the cover off and 
trace the wires through to the power socket with an ohmme-
ter. 
The current loop wiring from the interface to the tele-

printer must be connected directly to the selector magnet 
and not connected to anything else. It is strongly suggested 
that a diode is placed across the selector magnet coil to pre-
vent voltage spikes from damaging Q6 in the interface. Make 
sure this is connected in the right polarity, with the cathode 
to the emitter side of Q6 and the anode to the ground side. If 
you do get it the wrong way around, it is unlikely that damage 
will occur due to the current limiting characteristics of the 
interface. The diode used should be a 1N4002 or 1N4004 
type which are rated sufficiently to withstand the voltage 
spikes. 

Do's and dont's 
Idle current must be maintained whilst the teleprinter motor 
is running. If you switch off the C64 or the interface without 
first turning off the teleprinter, it will go into paroxisms, 
rapidly alternating between the LTRS and FIGS modes. The 
rule is to switch on the C64 and interface first and don't turn 
off the C64 or interface before the machinery in the tele-
printer has come completely to rest. Also, you should always 
leave the type basket parked at the left of the carriage as this is 
much kinder to the return spring. When operated manually, 
Baudprint will always do this for you. 
The usual precautions regarding the interface of the C64 

should be observed. Never plug anything into the C64's user 
port or disconnect anything from the port whilst the compu-
ter is turned on as it is very easy to damage the VIA chip in 
the computer. Always make sure the computer is off before 
plugging in the interface and always use a user port plug 
which has a key fitted. I don't know how many C64s I have 
seen damaged when the user port plug is inserted the wrong 
way up or slightly out of alignment, but it's a lot! 

Compatibility and other teleprinters 
Whilst the interface described here was designed for use with 
the Siemens 100 type machine, there is no reason why it can 
not be used with other models instead. Teleprinter machines 
invariably use a current loop interface and whilst this is not 
always 60 mA as in the Siemens machine, the interface is 
adjustable and should work without modification. Machines 
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such as the Model 15 teleprinter can still be obtained, but are 
getting rarer. 

For those wishing to use other types of teleprinter 
machines, the comments accompanying the "Commodore 
Codex" article by Ian Jellings in the February 1986 issue will 
be useful. It should be noted that other machines may require 
the extension of the STOP bit time from 11/2 to two character 
bits. Baudprint and Ian Jellings' program are hardware com-
patible, meaning that if you have already constructed an 
interface for the latter, Baudprint will run by simply loading 
the software. Conversely, Jellings' program should run with 
the Baudprint interface. 

Where to find teleprinters 
There are a number of ways to go about finding sources of 
surplus teleprinters. You could try scanning the classified in 
amateur radio magazines or government auction ads in the 
local press. Another alternative would be to get in touch with 
an organisation such as ANARTS who are a national organisa-
tion of radio amateurs whose interests lie in radio teletype. 
ANARTS should not only be able to suggest possible sources 
of supply, but may be able to assist you with wiring modifica-
tions and spare parts. The address of ANARTS is PO Box 860, 
Crows Nest 2065, NSW. If writing, please include a self-
addressed, stamped envelope for your reply as this is an 
amateur organisation, funded entirely by it's members. 
Another possible source of used machines is your local sal-

vage or scrap metal dealer. Readers in NSW could try a phone 
call to Cavions Scrap Metal in Bulli on (047)846 838. Readers 
in other states could perhaps consult their telephone direc-
tory and call a few likely looking dealers. 

Operations 
All of Baudprint's operations (with the exception of paper 
movement and merge) are essentially screen dumps, in that 
some of the screen memory is used for the temporary storage 
of the text to be printed. 
The BASIC section PEEKs the appropriate characters (in 

screen display code) from the C64's screen memory and 
transfers these to the machine code section. The mathematics 
associated with screen memory housekeeping are handled 
by BASIC and the printer housekeeping is handled by the 
machine code routines. The screen display code of the cur-
rent character to be printed is POKEd into memory location 
49209 and the machine code routine is then invoked by a 
SYS49210 call. 
Due to the overall complexity of Baudprint, there is insuffi-

cient room here to detail all of the BASIC operations, let 
alone the machine code which extends from memory loca-
tion 49200 to 51583. With a program of that size, it would be 
impractical to provide a full assembly listing and therefore, it 
is presented as a hex dump. A machine code monitor such as 
the Octobyte monitor program published in our November 
*87 issue will be needed to enter and save the program. 
The BASIC listing has been produced with a conventional 

dot-matrix printer, with the translations of the "quote mode" 
characters printed out in full. This listing could just as easily 
been produced with Baudprint, but we didn't want to throw 
you in at the deep end just yet! Take note that the backslash 
before the $ symbol in line 63160 should be entered on the 
C64 as a British Pound symbol. 

Machine code operation 
Since the machine code section is common to all of Baud-
print's operations with the exception of merge, we will pro-
ceed with a general description of what goes on inside it. The 



screen display code (SDC) of the current character is POKEd 
into memory location 49209 and the printing sequence is 
started. The first step is to load the SDC value into the 
accumulator where it is compared with the SDC values of all 
directly printable characters. When a match is found, opera-
tions jump to the character assembly area. If no identification 
is made by the time the end of the table is reached, the SDC of 
the character will be printed. 
The next section of the program generates the correct 

Baudot code at the selected speed for all printable Baudot 
characters, including space, carriage return, line feed, "shift 
to letters" and "shift to figures". Instead of the conventional 
method of loading a suitable value into a register and rotating 
the bits out at the correct intervals, the code is generated 
using a system of three subroutines as follows: 

1. Set output bit low, then a time delay equal to one character 
bit (LOW). 

2. Set output bit high, then a time delay equal to one charac-
ter bit (HIGH). 

3. Set output bit high, then a time delay equal to one stop bit 
(STOP). 
Each Baudot character is assembled by calling these 

routines in the correct order until the complete code for that 
character has been transmitted. The routines for each charac-
ter therefore consist of a number of JSR (Jump to Subroutine) 
instructions to the appropriate bit routines. Every character 
always starts with a LOW bit and finishes with a STOP bit. As 
soon as the first bit of a character is received, the teleprinter 
starts it's mechanical decode cycle. Depending upon the 
polarity of each following bit, the selected character is then 
printed. 

Character assembly area 
This area of the program supervises the printing of each 
character or group. In the case of a single printable Baudot 
character, the printer shift status is evaluated to see whether 
it is in the LTRS or FIGS mode. If the mode is incorrect for the 
character to be printed, the appropriate shift command is 
sent first, followed by the code for the character. The printer 
line character counter (LCC) is then incremented by one and 
the resulting value is compared with the current line length 
(normally 69) to find out if the printer is at the end of its line. 
If it isn't, an RTS (Return from Subroutine) instruction sends 
operation back to the BASIC program to get the next charac-
ter. If the printer line is full, carriage and line-feed characters 
are sent, the LCC is reset to zero and control is then returned 
to the BASIC program. 
When a substitute group is to be printed, the remaining 

length of the printer line must be checked to see if there is 
enough room. If enough room exists, the group is printed and 
the LCC is incremented by six. If insufficient room is left on 
the line, the STOP character is printed, carriage return and 
line feed characters are sent, the LCC is reset to zero and the 
group is then printed at the beginning of the next line. 

Print SDC routine 
If the character PEEKed from the screen memory is not iden-
tified, the " print SDC" routine is put into action. Since the 
screen display code (SDC) is already in the accumulator, you 
may think that printing it would be easy. Unfortunately, it 
isn't so simple in machine code, as the SDC value must first 
be split into it's three separate digits. 
The routine works like a mechanical three-digit counter, 

with each digit represented by a memory location. The 
counter starts off at 000 and is then incremented up, one digit 

at a time. After each increment, the counter value is com-
pared with the SDC value until they are equal, at which time 
the counter stops. The three digits can then be read from their 
respective locations and used in a routine which prints 
..SDC-123.. or whatever the case may be. Before the group is 
printed, a line length check needs to be carried out as before, 
but this time for 11 characters. 

Carriage return delay 
There is a delay subroutine associated with the carriage 
return to allow for slow machines. The value of the delay can 
be specified in the setup area of the BASIC program. Tests 
with a Siemens-100 running at full machine speed indicated 
that no additional delay was required, but other machines 
may be different. Just for safety, a delay of 200 milliseconds 
has been installed as a default setting. 

BASIC operations 
As described, Baudprint is intended to be used with a cas-
sette data recorder. If you're using disk, the relevant state-
ments in the BASIC listing and in the preparation of the files 
will need to be changed. A list of the required changes 
appears at the end of this section. Comments in the following 
description will refer to cassette tape operation. 
Using the BASIC LOAD command, load BAUDPRINT-MC 

(the machine code) first. After entering NEW to reset the 
BASIC system, load BAUDPRINT (the BASIC part). You will 
now need to LIST the setup area starting at line 63420. Lines 
63480 to 63500 are used to install the speed of the Baudot 
output code and line 63620 needs to be set for the type of 
monitor in use. As printed, the program is set for 75 baud and 
a monochrome monitor. Line 63480 sets the Baudot character 
bit time and the values for both 50 and 75 baud are indicated. 
Line 63500 sets the stop bit time which is set to 11/2 character 
bits. Line 63490 is an incremental adjustment for fine speed 
variations. For 45.45 baud, change the values POKEd in lines 
63480, 83490 and 63500 to 17, 233 and 26 respectively. 
Speeds other than those mentioned may be catered for by 
simply scaling the values given. 

Set the type of monitor you are using and leave the setup 
table alone for the present. We will come back to the other 
options a little later. If you RUN the program at this stage, you 
will enter the master menu. Baudprint carries out a check of 
machine code integrity so if there is anything amiss, the mes-
sage "MC PROGRAM CORRUPTED OR NOT PRESENT" will 
appear. If you have entered and saved the program correctly, 
you should never see this message. 

The master menu 
From this menu you can select three paper movement modes, 
enter "file and list" printing, TTY test and merge. The screen 
dump is entered directly and the printing subroutine is cal-
led from the host BASIC program, once Baudprint is attached 
to it. 
The first step after initially firing up your teleprinter is to 

run the TTY test facility. Select continuous RY and adjust 
your margin selector so that it is midway between the points 
where the teleprinter starts to print errors. The reason why 
the letters R and Y are used for testing is that in the Baudot 
code, they contain the maximum number of signal alterna-
tions. If there are any errors in the decoding, they will usually 
appear when printing these characters. 

If after running the test you still cannot obtain error free 
printing, the teleprinter speed should be checked. To find out 
if this is the problem, try changing the speed adjustment in I> 
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line 63490. For a 75 baud machine, the acceptable range is 
about plus or minus 10 so try altering the value by increments 
of 5 in each direction. 

Paper movement 
You can now try out the paper movement modes. The one 
which will be most useful is the "paper out" routine which 
advances the paper sufficiently for the printout to be torn off. 
The default value is set at 20 line feeds, but you can change 
the value to suit yourself by editing line 63530. File and List 
printing and Merge require a specially prepared file, so don't 
try them yet. 

Screen dump 
With this facility, the contents of the screen memory up to the 
end of row 22 may be dumped to the printer. The remaining 
two rows are required for communication with Baudprint. To 
start the screen dump, move the cursor to row 23 and enter 
RUN60000. After the prompt message, enter the starting row 
number and the dump will commence with the nominated 
row. The dump will finish at the end of row 22, but you can 
nominate the end point by using the editing options. 
The graphics driven editing options are implemented by 

simply overtyping the text with certain graphics characters. 
The editing commands are line abort, line feed, paper out 
and stop. Line abort appears as a vertical bar (a shifted nega-
tive sign), which causes the program to stop reading the cur-
rent screen row and continue with the next. Line feed 
appears as a horizontal bar (a shifted asterisk) and causes 
single line feeds to be added to the printout. Paper out 
appears as a triangle (a shifted Pound) and implements the 
"paper out" routine. Stop will be the most used used com-

mand and appears as a diamond (a shifted Z), which causes 
the screen dump to halt. The screen is then cleared and the 
master menu reappears. 

If no stop code is used, the dump will finish at the end of 
row 22 and will be spaced one line away from subsequent 
printout. If you want to remove this blank line, change the 
last number in line 60100 from 60260 to 60510. On the 
assumption that you may need to edit, use of the stop code 
does not add a line feed. 
Once the screen dump is running, you will see that Baud-

print doesn't waste time printing spaces at the end of a line. 
By means of the routine in lines 60150 - 60180, each screen 
line is scanned backwards from the right hand side until 
characters other than a space are encountered. This means 
that the length of each line is known before it is printed. As 
the text is transferred to paper, it is erased from the screen 
with the exception of any text that has been edited out by use 
of the line abort and stop codes. 

Printing subroutine 
In this mode, Baudprint runs as a subroutine and is used to 
print information from within a host program. If you are writ-
ing the program from scratch, load Baudprint first and then 
start writing your program. When you save your program, the 
BASIC part of Baudprint will go with it. If your program is 
already written, you will need to merge it with Baudprint. We 
will describe how to accomplish this after we have covered 
some other necessary information. 

In order for Baudprint and the host program to happily co-
exist, you must not use line numbers greater than 59879. 
Also, don't name any strings or variables with two letters 
where the first letter is Z. 

BASIC LISTING 
Fq_EFISE NOTE 
WHEN SUBSTITUTE GROUPS ARE PRINTED FOR COmmOUORE GRAPHICS AND REVERSED 
CHARACTERS. THE FOLLOWING CONVENTIONS ARE OBSERVED 

1 RN UNDERSCORE IS PRINTED ON EITHER SIDE OF THE GROUP. E G _CCLEAR-HOMEI_ 

2 IF INSUFFICIENT SPACE FOR A SUBSTITUTE GROUP IS AVAILABLE AT THE END OF A 
LINE. IT WILL BE PRINTED AT THE BEGINNING OF THE NEXT LINE THE ENV OF THE 
PREVIOUS LINE WILL THEN RE HARPED By A BACysLASH co 

3 FOR COMMODORE GRAPHICS FIND REVERSED CHARACTERS WHICH ARE NOT <MOTE-MODE 
SYMBOLS. THE CORRESPONDING SCREEN DISPLAY CODE WILL 8E PRINTED. E G 

_t SOC 90 3_ OP _t SOC 129 

59880 REM 
5989e REM   
59900 REM   BAUDPRINT   
59910 REM   
59920 REM 
59930 REM BY ANDREw PIERSON. 1985/1987 
59940 REM ENQUIRIES PHONE 108) 258 051.0 
59950 REm PLEASE COMMUNICATE .!. 

59960 REM 
59970 REM NO I - SCREEN DumP PROGRAM 
59980 REM 
59990 GOT060500 
60000 0050863490 5.0551530 
60010 PRINT ._ICRSR-UP)_ .SPC‹11 ,-ENTER RON NUMBER 100 TO 22) . FORZT411131500 NEXT 
60020 PRINT ._CCRSR-UPI_ ..SPCE11 ,- ENTER BOTH DIGITS. FORZT41701000 NEXT 

60030 GETZA$ IFZR$4 ... THEN60010 
60040 GETZBs IF2884 ... THEN60040 
68050 ZR-c104cASC<ZA$,-48),4,ASC ,ZEIs) -48) IFZR<0 OR ZR>22THEN60010 
60060 PRINT"_CCR5R-UPI_ 
60070 PRINT .. ..CCRSR-uP]_ DUMP FROM ROW .ZR . PROGRAM RUNNING . ZY«10214c4042R! 
60080 POKEZY.32 2.,, Zy41 2L-2L41 IFZL41THEN60150 
60090 IFZ)>ZE THEN60200 
60100 IEZV>1943THEN60260 
60110 224PEEK(ZY> POKE49209.22 IF22490THEN60260 
60120 IF22493THEN60220 
60130 IF224105THEN602:0 
60140 9.'549210 001060080 
6015e ZE42....39 
60160 ZD.PEEK(ZE) IF2D<>32THEN60090 
60170 2E42E-1 IFZE<ZY THEN60190 
60180 001060160 
60190 ZY42Y439 Z1_40.50550643 001060080 

60200 ZY42.).41-2L 21.1 IF PEEKC49205 ,40THEN601.50 
60210 5Y550643 GOT060150 
60220 ZY42)440-2L ZL.E1 50550643 GOT060080 
60230 2140 
60240 SYS50621 ZI42141 IFZI(ZE THEN60240 
60250 GOT060080 
60260 5)550643 001060510 
60470 REM 
60480 REM MASTER CONTROL MENU 
60490 REm 
60500 PRINT ._CCLEAR-HOMEI__CCRSR-DOwN]__CCR5R-DOWNI__ICRSR-DOWNI__CCRSR-DOWN 1_• 

GOSue6:450 
60510 PRINT .ACLEAR-HomE1__CCRSR-DOWNI__CCF.Se-CONNI_ c441. 

_tRyS-OFF1_ . 
6.05 .0 PRINT . JRVS-0.41_ BAUDPIFINT - mASTEF MENU PVC-OFF 3." 
605:0 PRINT . _frev5-0N1_ JR)S-OFF3." 

PRINT ._URSP-UOWN)--ICRSP-DCMN7__CCF.SR -DCMUL Fl - :.. F.LINE FEEDS ,FA 
SEP OU1. -

60560 PRINT ._ICRSF-DOwN]_ 
60570 PRINT .. _CCPSR-DOwN1_ 
60580 PRINT ._CCRSR-VONNI_ 
50598 PRINT ._CCRSR-DOWNI_ 
60600 PRINT ._CCRSR-DOwN1_ 
60610 PRINT ._[CRSR-t.0693_ 
60620 GETZCS IF:CsYCHR$.13:!THEN60700 
60630 IFZCS.CHR, ,174.THEN607:0 
60640 IFZCS.CHRs!1:6, THEN60760 
60650 IF2C$4 .F.THEN62000 
60660 1F2C$4 .T.THEN63000 
60670 IF2C1,4 .M.THEN6900 
60680 IFZC$4 .X.THEN63700 
60690 GOT060620 
60700 ZI40 
60710 10550621 2142i41 IFZI<ZF THEN60710 

60720 GOT060620 
60730 S0550621 .0E7258 IF2S$4 ... THEN 60730 
60740 IF25$<>CHRS(135)THEN60730 
60750 001060620 
60760 SYS50621 GOT060620 
60970 REM 
60980 REM NO 2 - PRINTING SUBROUTINE 
60990 REM 
61000 20.1 0051,063450 
61010 ZY.10234(4042R)42C ZE-ZY4ZX 

61020 ZY4ZY41 2L421_41 IF2.12ZETHEN61090 
61030 224PEEK(Zy) POKE49209.22 IEZZ-90THEN61090 
61040 IF22.105THEN61060 
61050 SYS49210 001061020 
61060 21.0 
61070 SYS50621 21-n41.1E21<U THEN61070 
61088 001061020 
61098 IF PEEKC4920540THEN6111e 

61100 SYS50643 
61110 21.0 RETURN 
61970 REM 
61990 REM NO 3 - FILE AND LIST PRINTING 
61990 REM 
62000 PRINT ._[CLERR-HOMEI__CCRSR-DOWNI__CCRSR-DOWNI__CCR5R-DOWNI__ICR5R-DOWNI_G 
_CCRSR-DOWNI_ . GOSUB63450. OPEN1.1.0."FILEPRINT .. 
62010 PRINT ._[CLEAR-HOME32.SPCC255)SPC(191) .444 PRINTING IN PROGRESS 444\ 
_CHOmE-CRSRI_ . 
62020 GET*1,2FS.PRINTZFs. IF ST THEN62130 
62030 IFZFSOCHRS<13)THEN62020 
62040 ZE41143 .2Y41063 
62050 204PEEKCZE/ .1F2D<>32THEN62090 
62060 2E42E-1 IFZE<1064THEN62810 
62070 GOT062050 
62080 5vS50643 001062010 
62090 PRINTSPC(255)5PC(255)SPCF14812E-1063"_CHOME-CRSR1.... 
62100 ZY42...41 IFZV>ZETHEN62080 
62110 ZZ4PEEK(ZY) POKE49209.22 
62128 SYS49210 001062100 
62130 SYS50643 CLOSE1 001060510 
62970 REM 
62980 REM NO 4 - TTY TEST FACILITY 
62990 REM 
63000 PRINT.JCLEAR-WOMEI__CCRSR-DOWNI__CCRSR-DOWNI__CCRSR-DOWN1__ICRSR-DOWN1_ ,, 

_CCRSR-DOWN1_ . GOSUB63450 
63010 PRINT ._CCLEAR-HOME3__CCRSR-DOWNI__CCOSR-DOWN1__CCRSR-DOWN1_ 

_CROS-ONI_ 
63020 PRINT" 444 _CRvS-ON1_ TTY TEST _CRVS-OFF1_ 444 " 
63030 PRINT" _CRVS-0N3_ 
63048 PRINT ._[CFSP-DOWNI__ICR5R-DOWNI__CCRSR-DOWNI__CCRSP-DOWNI__CCRSR -DOwNi_ 

F: CONTINUOUS PARER 01-.055 E' 
F5 CANCELS PAPER ADVANCE . 
F7 SINGLE LINE FEEDS . 
F FILE AND LIST PRINTING . 
T TELETYPE TEST FACILITY . 
M MERGE FACILITY" 
X EXIT TO BASIC . POME198. 
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As explained previously, the screen memory is used to 
temporarily hold the text to be printed. If the host program 
does not need to retain information on the screen, then a typi-
cal printing sequence will look like this: 

PRINT"(CLEAR-HOMEITHE PHASE 
ANGLE IS"AB"DEGREES"CHR$(122):GOSUB61000 

When these statements are executed, the screen will clear 
and the printed message will appear on row 0. After the 
printer has done it's thing, operation will return to the host 
program. The CHR$(122) tells Baudprint to stop transferring 
text from the screen memory. If you don't use it, the transfer 
will continue until the number of characters specified in line 
63520 have been dumped. 

If you need the screen all of the time, simply choose a small 
"window" where the text to be printed will appear. Print the 
text to be output by using BASIC cursor movements or by cal-
ling the Kernel for the PLOT routine. You then tell Baudprint 
where to get the text from by setting the variables ZR (row 
number) and ZC (column number). If you re-define ZX in line 
63520 to the window length, you won't have to worry about 
sending a stop code character. 
Whilst in the subroutine mode, Baudprint suppresses all 

changes in border, background and cursor colour, since these 
may be controlled by the host program. If you wish to retain 
Baudprint's colours, delete the colour quit flag (zq 1) from 
line 61000. The printing subroutine responds to all the 
screen dump graphics control characters except the line 
abort function, which is not applicable here. This printing 
facility only amounts to 12 lines in the BASIC listing, but it 
certainly opens up a lot of possibilities! 

EY, 12 FOR ' QUICK BROWN FOX MESSAGE . 
63050 PRINT»_CCRSR-DOWN]__CCRSR-DOWN]_ B FOR COMPLETE BAUDOT REPERTOIRE . 
63060 PRINT .-CCRSR-DOWNI__CCRSR-DOWNI_ R FOR CONTINUOUS ALTERNATING R-Y» 
63070 PRINT" (MARGIN SELECTOR ADJUSTMENT)" 
63080 PRINT .-ICRSR-DOWNI--CCRSR-DONNI- M FOR EXIT TO MASTER MENU» POKE198 
.0 
63090 GETZCSAFZCS.»CrTHEN63140 
63100 IFZCS.»B»THEN63160 
63110 IF2CS .R.THEN63180 
63120 IFZCS»M»THEN60510 
63130 007063090 

63140 PRINT»_CCLEAR-HOMEI_THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG .CHRS(122. 
63150 aosue6leee GOT063010 
63160 PRINT»-CCLEAR-HOME,_ABCDEFGHIJKLMNOPQRSTUVWXY2 0123456789 \80'()4.- 
-CSDC 91 1-»CHR$(122) 
63/70 005U061000 00106301,0 

63180 PRINT ».-(CLEAR-HOME)-RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYF 
YRYRYRYRYRY .: 

63190 PRINT»RYRYR»SPC(255)SPC(201)»444 PRESS MAY KEY TO CANCEL 444» GOSUB61000 
63200 GETZCIII .IF2CS.» .THEN63180 
61210 001063010 
63420 REM 
63430 REM M/C INTEGRITY CHECK A SETUP 
63440 REM 
63450 IF2J4iTHEN RETURN 

63460 IF PEEK(49200)C>85 OR PEEK(49943)<>85 OR PEEK(50618)C>85THEN63660 
63470 IF PEEK(50831)<>85 OR PEEK(31526)(>85 OR PEEK(51583)C>85THEN63660 
63480 POKE49201,10. REM 5080415/7580410 
63490 POKE49202.240.REM FINE SPEED ADJ. 
63500 POKE49203.15 REM 508023/75190.15 
63510 POKE49204.69: REM PRINTER L/L 
63520 20.69 REM MAX CHARS ( PRINT SAT) 
63530 2F20: REM L/FEEDS FOR PAPER OUT 
63540 POKE51548.2.REM CR DELAY X100 MS 
63550 REM LF & EOT BY GRAPHICS ( OPTION) 
63560 REM POKE49641.17 TO DISABLE 
63570 REM POKE49641.3 TO ENABLE 
63580 POKE49641.3 
63590 IF2041THEN63650 
63600 POKE49207.PEEK(53280) POKE49208.PEEK(53281> PRINTOIRS(142)»-ICRSR-OPI_» 
63610 REM COLOUR 2541. MONOCHROME 2C.0 
63620 20.3 IFZG4OTHEN63640 

63630 POKE53280,11 POKE53281.0:PRINT»-ECTRL-67-_CCRSR-UPI-» 001063650 
63640 POKE53280 0 P06653281. 11 PRINT»_CCOMM-71__ECRSR-UPI-» 
63650 2i>0 POKE56579.1.POKE56577,1 SYS50594 0/550697 2J-1 RETURN 
63660 IF204/THEN PRINT »_CCLEAR-HOMEI--ICRSR -DOWNI—ECRSR-DOWNI__ECRSR-DOWNI_N 
_CCRSR-DOWNI—CCRSR-DOWNI_» 

63670 PRINT»-CCRSR-UPI- M/C PROGRAM CORRUPTED OR NOT PRESENT » -FOR2T411.01250 N 
EXT 
63680 PRINT»-CCRSR-UPI- -CCRSR-UPI_ • 
63690 FOR21, 11.0250 -NEXT.GOT063670 
63700 PRINT »-CCLEAR-HOME]-»SPC(7)»_CCRSR-DOWN)__CCRSR-DOWNI_444 EXIT FROM SAUDI" 
RINT 444-CCRSR-DOWN3-» 
63710 POKE53280.PEEK(49207).POKE49207,0 

63720 POKE51281.PEEK(49208) POKE49208.0 PRINT .-CCOMM-73--CCRSR-UP]-» ENO 
63870 REM 
63880 REM No. 5 - MERGE FACILITY 
63890 REM 
63900 PRINT .-CCLEAR-HOMEI_ .: : OPEN1,1,0,»FILEPRINT» 

63910 POKE184.1 POKE185.96 -POKE1.86.1 -POKE152.1 ,PRINT»-CCLEAR-HOMEI-\ 
-CCRSR-DOWNI_» 
63920 GET01.2114:PRINT2M0. 
63930 IFZMIPC,CHRII(13)THEN63920 
63940 IFFEEK(1104)418 AND PEEK(1109)446THEN63960 

63950 PRINT »007063910-CHOME-CRSRI-», . POKE631.13:POKE632.13 -POKE633.13'POKE198,3 
END 

63960 CLOSE1 GOT060500 

File and list printing 
This facility is accessed from the master menu and enables a 
file, or a list stored as a file, to be printed directly from a tape. 
The file must be stored with te name FILEPRINT. Baudprint 
accesses this file and transfers the contents to paper without 
any further intervention, except to press the " play" button on 
the data cassette. 

In order to print a LISTing, the list must first be stored as a 
file. With the appropriate file in the C64 and a blank tape in 
the cassette recorder, enter the following: 

OPEN1,1,2,"FILEPRINT":CMD1:LIST 

When the tape stops, enter PRINT#1:CLOSE1 before pres-
sing STOP on the cassette recorder. When the tape stops a sec-
ond time, the job is done. What the above achieves is to create 
a file under the name FILEPRINT with the listing in ASCII 
format, just as it would appear on the screen. the CMD1 state-
ment has caused this by switching the listing from the screen 
to the tape recorder. There is also an "end of file" marker 
which is detected by a change in the Status variable and this 
causes the file printing to halt. 

In use, characters from the retrieved file are printed on to 
the screen, one line at a time. A scanning process is carried 
out to determine the length of the line and then the line is 
transferred to the printer, together with all the necessary 
character to group translations. 

Merge 
This facility is accessed from the master menu and allows a 
previously written program to be merged with Baudprint. 
The program is first stored as a file, as described in the pre-
ceding section. Operation is very simple, just press "play" 
when asked and when the master menu reappears, the job is 
done. The retrieved file is printed on the screen, just as in file 
printing. The difference here is that the C64's BASIC operat-
ing system is tricked into thinking that the RETURN key has 
been pressed, thus entering the new line. The final line in the 
listing is the READY message, and this is detected by line 
63940 which concludes the merge. 

Baudprint from machine code 
As BAUDPRINT-MC contains all the necessary housekeep-
ing routines to maintain the printer, it is possible to use it 
directly from other machine code programs, dispensing with 
the BASIC section. Firstly, all of the data in the setup area 
must be transferred to memory. The SDC (not ASCII) of the 
character to be printed is then loaded into the accumulator 
and the print routine invoked by a JSR49213 instruction. You 
will also need JSR50643 to call a carriage return and line feed 
sequence and JSR50621 to call a line feed only. If you don't 
use JSR50643, Baudprint will automatically call a carriage 
return and line feed when the LCC reaches the currently set 
printer line length. 

Back to setup 
Having covered a few of the operating options, we will return 
to the setup area and tie up a few loose ends. Line 63510 
POKEs the printer line length into the machine code prog-
ram. The default line length is set at 69 characters to make 
maximum use of the printer page width. If you need a nar-
rower format for any reason, just change it and all the check-
ing operations will follow the new value. 
The last option you should know about is listed between 

lines 63550 and 63580. This enables the line feed and Baudot 
EOT characters to be selected by graphics and will be of most D 
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use to RTTY (radio-teletype) users. A horizontal bar (a shifted 
asterisk) sends a line feed and a large cross (a shifted positive 
sign) sends the "stop" or EOT symbol. If you are processing 
programs which contain these graphics characters, you can 
disable this option and have the SDC codes for the characters 
printed instead. 
Note that in Commodore SDC there are two possible values 

for a space: 32 and 96. The former is a normal space and the 
latter (a shifted or Commodore space) will be printed as 
..SDC-096.. 

Using Baudprint with a disk drive 
If you are using a disk based machine, you will need to 

make the following alterations to the BASIC listing: 
Firstly, change the program title by re-writing line 59900 to 

READ: 59900 REM + BAUDPRINT (DISK VERSION) + 
Next, alter the OPEN statements in lines 62000 and 63900 

so that they read : OPEN2,8,2,"0:FILEPRINT,S,R" 
Change the GET statements in lines 62020 and 63920 from 

GET#1 to GET#2 
Change the CLOSE statements in lines 62130 and 63960 

from CLOSE1 to CLOSE2 
Change line 63660 to: 

63660 LOAD"BAUDPRINT-MC",8,1:GOT063480 
Finally, delete lines 63670 to 63690 inclusive. 
When preparing files of listings to be accessed by Baud-

print, LOAD the appropriate program into the C64 and then 
enter the following: 

OPEN8,8,8,"0:FILEPRINT,S,W":CMD8:LIST 

After the cursor returns, enter CLOSE8 and when the disk 
activity light goes out, use RUN/STOP and RESTORE. 
Use LOAD"BAUDPRINT",8 followed by RUN to set Baud-

print in operation. The machine code will be LOADed from 
within the BASIC program. If subsequent errors are detected, 
the code will be automatically reloaded in lieu of any warn-
ing message. D 

BAUDPRINT DEMONSTRATION PROGRAM 

100 REM A DEMONSTRATION PROGRAM TO ILLUSTRATE THE USE OF THE ,GET' 
110 REM STATEMENT TO ENTER MULTIPLE-DIGIT NUMBERS, AS AN ALTERNATIVE 
120 REM TO THE ' INPUT' STATEMENT. 
130 REM 
140 PRINT..00....CH....CD....CD....CD....CR....CR....CR..PLEASE ENTER 
A THREE-DIGIT NUMBER. . 00.. 

150 PRINT..QQ....CD....CR....CR....CR..WITH A VALUE BETWEEN 5 AND 955 

160 PRINT..00....CD....CD....CR....CR....CR..BE SURE TO ENTER ALL THR 
EE DIGITS..EM....QQ..:PRINT SPC(20)..OQ....SDC-099....SDC-099..0 
..SDC-099....SDC-096....SDC-099....SDC-099....SDC-099....SDC-099..0 
..SDC-099....00.. 
170 PRINT SPC(17)..O0....CD....CD....RN.. .. RF....00..IPRINT SPC( 
17) .. 00....RN.. .. RF....00..:PRINT SPC(17)..00....RN.. 

180 POKE198,0 
190 GET ASsIF Af...QQ....00.. THEN 190 
200 H.ASC(A$):1F H..LT..48 OR H..GT..57 THEN 190 
210 PRINT SPC(18)..00....CU....RN....e..A$ 
220 GET 13$:IF ln...QQ.—QQ.. THEN 220 
230 T.ASC(BS):IF T..LT..48 OR T..GT..57 THEN 220 
240 PRINT SPC(19)..QQ....CU....RN....00..B$ 
250 GET C$:1F C$-..QQ....QQ.. THEN 250 
260 U.ASC(CS):1F U..LT..48 OR U..GT..57 THEN 250 
270 PRINT SPC(20)..00....CU....RN....00..C$ 
280 V.100..AS..(H-48).10..AS..(T-48).(U-48) 
290 IF V..LT..5 OR V..GT..955 THEN 140 
300 FOR T-1 TO 750:NEXT 
310 PRINT..Q0....CD....CD....CD....CD....CR....CR....CR....CR....CR.. 
YOU ENTERED..04..V..QQ....SC.. THIS VALUE 1S..QQ.. 
320 PRINT SPC(6)..e....CD..WITHIN THE ACCEPTABLE RANGE—QQ.. 
330 FOR T.1 TO 4500:NEXT:GOTO 140 
READY. 

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 0123456789 

RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYPYRYRYR 

HEX ric ump. 

DEC HEX HEX CONTENTS OF MEMORY CHECKSUM 

49200 C030 55 OR FO OF 45 00 01 00 420 
49208 C038 00 00 RD 39 CO DO 03 4C 1129 
49216 C040 90 C6 C9 01 DO 03 4C 9D 2117 
49224 C048 C6 C9 02 DO 03 4C R7 C6 3170 
49232 C050 C9 03 DO 03 4C Bi C6 C9 4237 
49240 C058 04 DO 03 4C BB C6 C9 03 5119 
49248 C060 DO 03 4C C5 C6 C9 06 DO 6216 
49256 C068 03 4C CF C6 C9 07 DO 03 7119 

49264 C070 4C 09 C6 C9 08 DO 03 4C 987 
49272 C078 E3 C6 C9 09 DO 03 4C ED 2146 
49280 C080 C6 C9 OR DO 03 4C F7 C6 3287 
49288 C088 C9 OB DO 03 4C 01 C7 C9 4187 
49296 C090 OC DO 03 4C 08 C7 C9 OD 4910 
49304 C098 DO 03 4C 15 C7 C9 OE DO 5840 
49312 CORO 03 4C 1F C7 C9 OF DO 03 6576 
49320 COR8 4C 29 C7 C9 10 DO 03 4C 7396 

49328 C080 33 C7 C9 11 DO 03 4C 3D 816 
49336 COBB C7 C9 12 DO 03 4C 47 C7 1791 
49344 COCO C9 13 DO 03 4C Si C7 C9 2779 
49352 COC8 14 DO 03 4C 5B C7 C9 15 3598 
49360 CODO DO 03 4C 65 C7 C9 16 DO 4616 
49368 CODO 03 4C 6F C7 C9 17 DO 03 5440 
49376 COE0 4C 79 C7 C9 18 DO 03 4C 6348 
49384 COE8 83 C7 C9 19 DO 03 4C 8D 7332 

49392 COF0 C7 C9 18 DO 03 4C 97 C7 1063 
49400 COF8 C9 1C DO 03 4C Ri C7 C9 2140 
49408 C100 1E DO 03 4C 07 C7 C9 1F 3055 
49416 C108 DO 03 4C 84 C7 C9 20 DO 4162 
49424 C110 03 4C Ci C7 C9 21 DO 03 5078 
49432 C118 4C CO C7 C9 22 DO 03 4C 6075 
49440 C120 1)5 C7 C9 23 DO 03 4C E2 7236 
49448 C128 C7 C9 24 DO 03 4C EF C7 8397 

49456 C130 C9 25 DO 03 4C F5 C7 C9 1170 
49464 C138 26 DO 03 4C FB C7 C9 27 2185 
49472 C140 DO 03 4C 08 CO C9 28 DO 3129 
49480 C148 03 4C OE CO C9 29 DO 03 3875 
49488 C150 4C 14 CO C9 20 DO 03 4C 4701 
49496 C158 18 CO C9 2B DO 03 4C 27 5497 
49504 C160 CO C9 2C DO 03 4C 2D CO 6474 
49512 C168 C9 20 DO 03 4C 33 CO C9 7459 

49520 C170 2E DO 03 4C 39 CO C9 2F 838 
49528 C178 DO 03 4C 3F C8 C9 30 DO 1845 
49536 C180 03 4C 45 CO C9 31 DO 03 2654 
49544 C188 4C 413 CO C9 32 DO 03 4C 3543 
49552 C190 Si CO C9 33 DO 03 4C 57 4450 
49560 C198 CO C9 34 DO 03 4C 50 CO 5483 
49568 C180 C9 35 DO 03 4C 63 CO C9 6524 
49576 C188 36 DO 03 4C 69 CO C9 37 7426 

49584 C180 DO 03 4C 6F CO C9 38 DO 1063 
49592 C188 03 4C 75 CO C9 39 DO 03 1928 
49600 C1C0 4C 78 CO C9 30 DO 03 4C 2873 
49608 C1C8 81 CO C9 36 DO 03 4C 87 3884 
49616 C100 CO C9 3C DO 03 4C 94 CO 4980 
49624 C1D8 C9 3D DO 03 4C 01 CO C9 6091 
49632 C/E0 3E DO 03 4C 07 CO C9 3F 7071 
49640 C1E8 DO 03 4C 84 CO C9 40 DO 8211 

49648 C1F0 03 4C BA CO C9 58 DO 03 968 
49656 C1F8 4C BE CO C9 5E De 03 4C 2016 
49664 C200 C4 CO C9 91 DO 03 4C D1 3254 
49672 C208 CO C9 92 DO 03 4C DE CO 4510 
49680 C210 C9 93 DO 03 4C EB CO C9 5781 
49688 C218 9D DO 03 4C F8 CO C9 Di 7083 
49696 C220 DO 03 4C 05 C9 C9 D2 De 8195 
49704 C228 03 4C 12 C9 C9 D3 DO 03 9116 

49712 C230 4C 1F C9 C9 DD DO 03 4C 1017 
49720 C238 2C C9 C9 18 DO OD 20 38 1799 
49728 C240 C6 20 84 C4 20 66 C3 20 2718 
49736 C248 74 C6 60 C9 1D DO OD 20 3611 
49744 C250 38 C6 20 7C C3 20 66 C3 4545 
49752 C258 20 74 C6 60 4C 78 C2 00 5377 

49760 C260 00 00 00 00 00 00 00 00 5377 
49768 C268 00 00 00 00 00 00 00 00 5377 
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49776 C270 00 00 00 00 00 00 00 00 0 50416 C4F0 C3 60 20 18 C3 20 18 C3 793 
49784 C278 80 10 C3 R9 30 80 il C3 922 50424 C4F8 20 18 C3 20 18 C3 20 18 1351 
49792 C280 80 12 C3 80 13 C3 R2 00 1793 50432 C500 C3 20 28 C3 20 3C C3 60 2198 
49800 C288 E8 EE 13 C3 EC 10 C3 FO 3164 50440 C508 20 18 C3 20 28 C3 20 2P 2792 
49808 C290 27 R9 3R CD 13 C3 FO OR 4099 50448 C510 C3 20 28 C3 20 18 C3 20 3539 
49816 C298 89 3R CD 12 C3 FO OE 4C 5074 50456 C518 18 C3 20 3C C3 60 20 18 4197 
49824 C280 88 C2 EE 12 C3 R9 30 80 6213 50464 C520 C3 20 18 C3 20 2A C3 20 4944 
49832 C288 13 C3 4C 98 C2 EE 11 C3 7299 50472 C528 28 C3 20 28 C3 20 2R C3 5719 

49840 C280 R9 30 80 12 C3 4C 88 C2 977 50480 C530 20 3C C3 60 20 18 C3 20 666 
49848 C2B8 RD 33 CO 18 69 08 80 14 1696 50488 C518 2R C3 20 2R C3 20 18 C3 1423 
49856 C2C0 C3 RD 34 CO CD 14 C3 30 2776 50496 C540 20 18 C3 20 28 C3 20 3C 2035 
49864 C2C8 03 4C 05 C2 20 FE C3 20 3777 50504 C548 C3 60 20 18 C3 20 28 C3 2846 
49872 C2D0 92 C3 20 03 C5 R9 2E 20 4805 50512 C550 20 18 C3 20 28 C3 20 28 3440 
49880 C2D8 3D CO R9 2E 20 30 CO 89 5727 50520 C558 C3 20 28 C3 20 3C C3 60 4287 
49888 C2E0 13 20 3D CO R9 04 20 3D 6297 50528 C560 20 18 C3 20 28 C3 20 18 4863 
49896 C2E8 CO R9 03 20 3D CO R9 20 7160 50536 C568 C3 20 2A C3 20 18 C3 20 5610 

49904 C2F0 20 30 CO AD 11 C3 20 3D 763 50544 C570 28 C3 20 3C C3 60 20 18 676 
49912 C2F8 CO RD 12 C3 20 3D CO RD 1799 50552 C578 C3 20 28 C3 20 18 C3 20 1423 

49920 C300 13 C3 20 30 CO 89 2E 20 2543 50560 C580 18 C3 20 18 Cl 20 2R C3 2162 
49928 C308 3D CO R9 2E 20 30 CO 60 3394 50568 C588 20 3C C3 60 20 18 C3 20 2828 
49936 C310 00 30 30 30 00 00 00 55 3623 50376 C590 18 C3 20 18 C3 20 2R C3 3567 
49944 C318 82 00 8E 01 DD AC 31 CO 4562 50584 C598 20 18 C3 20 18 C3 20 3C 4161 
49952 C320 RE 32 CO CR DO FD 88 DO 5985 50392 C580 C3 60 20 18 C3 20 18 C3 4954 
49960 C328 F7 60 82 01 SE 01 DD RC 7027 50600 C588 20 18 C3 20 18 C3 20 28 5330 

49968 C330 31 CO RE 32 CO CR DO FD 1320 50608 C580 C3 20 18 C3 20 3C C3 4C 809 
49976 C338 88 DO F7 60 82 01 8E 01 2313 50616 C588 SE C9 55 00 00 20 18 C3 1440 
49984 C340 DD RC 33 CO RE 32 CO CR 3567 50624 C5C0 20 le C3 20 28 C3 20 18 2016 
49992 C348 DO FD 88 DO F7 60 00 00 4715 50632 C5C8 C3 20 18 C3 20 18 C3 20 2745 
50000 C350 20 18 C3 20 28 C3 20 28 5309 50640 C5D0 3C C3 60 20 82 C5 20 BD 3708 
50008 C358 C3 20 18 C3 20 18 C3 20 6038 50648 CSD8 C5 60 RD 36 CO FO 03 4C 4739 
50016 C360 18 C3 20 3C C3 60 20 18 6696 50656 C5E0 E3 C5 60 20 18 C3 20 28 5584 
50024 C368 C3 20 28 C3 20 18 C3 20 7443 30664 C5E8 C3 20 2R C3 20 2R C3 20 6349 

$0032 C370 18 C3 20 2A C3 20 28 C3 757 50672 C5F0 28 C3 20 28 C3 20 3C C3 793 
50040 C378 20 3C C3 60 20 18 C3 20 1423 50680 C5F8 R2 00 8E 36 CO 60 RD 36 1666 
50048 C380 18 C3 20 28 C3 20 28 C3 2180 50688 C600 CO C9 01 FO 03 4C 09 C6 2586 
50056 C388 20 28 C3 20 18 C3 20 3C 2792 50696 C608 60 20 18 C3 20 28 C3 20 3234 
50064 C390 C3 60 20 18 C3 20 28 C3 3603 50704 C610 28 C3 20 18 C3 20 28 C3 3991 
50072 C398 20 18 C3 20 18 C3 20 2R 4179 50712 C618 20 28 C3 20 3C C3 82 01 4710 
50080 C380 C3 20 18 C3 20 3C C3 60 5008 50720 C620 8E 36 CO 60 RD 34 CO CD 5816 
50088 C3R8 20 18 C3 20 2R C3 20 18 5584 50728 C628 35 CO FO 01 60 20 03 C3 6838 

50096 C380 C3 20 18 C3 20 18 C3 20 729 50736 C630 60 EE 35 CO 20 24 C6 60 941 
50104 C388 18 C3 20 3C C3 60 20 18 1387 50744 C638 4C 48 C6 CD 34 CO FO 01 1980 
50112 C3C0 C3 20 2A C3 20 18 C3 20 2134 50752 C640 60 20 FE C5 20 92 C3 20 2964 
50120 C3C8 2R C3 20 28 C3 20 18 C3 2891 50760 C648 Dl C5 60 RE 35 CO E8 88 4257 
50128 C3D0 20 3C C3 60 20 18 C3 20 3557 50768 C650 20 3B C6 E8 88 20 38 C6 $205 
50136 C3D8 18 C3 20 28 C3 20 18 C3 4296 50776 C658 E8 SA 20 38 C6 E8 8A 20 6266 
50144 C3E0 20 28 C3 20 2A C3 20 3C 4926 50784 C660 38 C6 E8 88 20 3B C6 20 7214 
50152 C3E8 C3 60 20 18 C3 20 19 C3 5719 50792 C668 FE C5 2e 58 C4 20 58 C4 8297 

50160 C3F0 20 18 C3 20 2A C3 20 18 576 50800 C670 20 DR C5 60 20 FE CS 20 1058 
50168 C3F8 C3 20 28 C3 20 3C C3 60 1421 50808 C678 58 C4 20 58 C4 RE 35 CO 2077 
50176 C400 20 18 C3 20 18 C3 20 28 1999 50816 C680 E8 E8 E8 E8 E8 E8 SE 35 3664 
50184 C408 C3 20 28 C3 20 18 C3 20 2746 50824 C688 CO 20 24 C6 60 00 00 55 4303 
50192 C410 18 C3 20 3C C3 60 20 18 3404 50832 C690 20 38 C6 20 50 £3 20 F2 5170 
50200 C418 C3 20 28 C3 20 28 C3 20 4169 50840 £698 C4 20 74 £6 60 20 DR C5 6255 
50208 £420 18 C3 20 28 C3 20 18 C3 4908 50848 C680 20 50 C3 20 31 C6 60 20 6969 
50216 C428 20 3C C3 60 20 le C3 20 5574 50856 C6R8 DR C5 20 66 C3 20 31 C6 7992 

50224 C430 2R C3 20 28 £3 20 28 C3 775 50864 C680 60 20 DR C5 20 7C C3 20 926 
50232 £438 20 28 C3 20 18 C3 20 3C 1387 50872 C6Be 31 C6 60 20 DA C5 20 92 1894 
50240 C440 C3 60 20 18 C3 20 le C3 2180 50880 C6C0 C3 20 31 C6 60 20 DA CS 2911 
50248 C448 20 28 C3 20 18 C3 20 18 2756 50888 C6C8 20 88 C3 20 31 C6 60 20 3713 
50256 C450 C3 20 2A C3 20 3C C3 60 3603 50896 C600 DA C5 20 BE C3 20 31 C6 4824 
50264 C458 20 18 C3 20 18 C3 20 18 4161 50904 C6D8 60 20 DA C5 20 D4 C3 20 5838 
50272 C460 C3 20 2A C3 20 28 C3 20 4926 50912 C6E0 31 C6 60 20 DR C5 20 ER 6894 

50280 C468 28 C3 20 3C C3 60 20 le 5602 50920 C6E8 C3 20 31 C6 60 20 DA C5 7911 

50288 C470 C3 20 18 C3 20 18 C3 20 729 50928 C6F0 20 00 C4 20 31 C6 60 20 635 
50296 C478 28 C3 20 28 C3 20 18 C3 1486 50936 C6F8 DR C3 20 16 C4 20 31 £6 1579 

50304 C480 20 3C C3 60 20 18 C3 20 2152 50944 £700 60 20 DR CS 20 2C C4 20 2426 
50312 C488 18 C3 20 18 C3 20 18 C3 2873 50952 C708 31 C6 60 20 DA C5 20 42 3314 
50320 C490 20 28 C3 20 2A C3 20 3C 3503 50960 C710 C4 20 31 C6 60 20 DR C3 4332 
50328 C498 C3 60 20 18 C3 20 19 C3 4296 50968 C718 20 58 C4 20 31 C6 60 20 5053 

50336 C4Re 20 28 C3 20 28 C3 20 18 4890 50976 C720 DA C5 20 6E C4 20 31 C6 6087 
50344 C488 C3 20 28 C3 20 3C C3 60 5737 50984 C728 60 20 DR C5 20 84 C4 20 7022 

50352 C480 20 18 C3 20 28 C3 20 28 594 50992 C730 31 C6 60 20 DR CS 20 9A 976 
50360 C488 C3 20 28 C3 20 18 C3 20 1341 51000 C738 C4 20 31 C6 60 20 DA C5 1994 
50368 C4C0 28 C3 20 3C C3 60 20 18 2017 51008 C740 20 BO C4 20 31 C6 60 20 2805 

50376 C4C8 C3 20 18 C3 20 28 C3 20 2764 51016 C748 DA C5 20 C6 C4 20 31 C6 3925 
50384 C400 18 C3 20 28 C3 20 18 C3 3503 51024 C750 60 20 DA C5 20 DC C4 20 4948 
50392 £4D8 20 3C C3 60 20 18 C3 20 4169 51032 C758 31 C6 60 20 DA C5 20 F2 6012 
50400 C4E0 28 C3 20 18 C3 20 28 C3 4926 51040 C760 C4 20 31 C6 60 20 DR C5 7030 

50408 C4E8 20 18 C3 20 18 C3 20 3C 5520 51048 C768 29 08 CS 20 31 C6 60 20 7674 
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- continued from previous page. 51312 C870 FE CS 4C 68 C7 20 FE C5 J313 
51320 C878 4C FO C6 20 FE C5 4C 2C 2430 
51328 C880 C7 20 FE C5 4C 84 C6 20 3598 
51336 C888 38 C6 20 DC C4 20 7C C3 4651 

51056 C770 DR C5 20 1E C5 20 31 C6 953 51344 C890 20 74 C6 60 20 38 C6 20 5411 
51064 C778 60 20 DR C5 20 34 C5 20 1809 51352 C898 42 C4 20 F2 C4 20 74 C6 6489 
51072 C780 31 C6 60 20 D8 C5 20 48 2705 51360 C880 60 20 FE C5 4C 72 C7 20 7489 

51080 C788 CS 20 31 C6 60 20 DR C5 3724 51368 CORO 38 C6 20 D4 C3 20 F2 C4 8652 

51088 C790 20 60 C5 20 31 C6 60 20 4456 
51096 C798 DR C5 20 76 C5 20 31 C6 5497 
51104 C780 60 20 FE C5 4C E6 C6 20 6612 51376 C880 20 74 C6 60 20 FE C5 4C 1001 
51112 C7Re 38 C6 20 08 C5 20 50 C3 7410 51384 C8B8 88 C6 20 BD C5 60 20 FE 2169 

51392 COCO C5 4C BE C6 20 38 C6 20 3148 
51400 COCO 9R C4 20 00 C4 20 74 C6 4072 

51120 C7B0 20 74 C6 60 20 38 C6 20 760 51408 C8D0 60 20 38 C6 20 7C C3 20 4837 
51128 C788 42 C4 20 50 C3 20 74 C6 1675 51416 C8D8 92 C3 20 74 C6 60 20 38 5708 

51136 C7C0 60 20 8C C5 20 31 C6 60 2515 51424 C8E0 C6 20 C6 C4 20 6E C4 20 6702 
51144 C7C8 20 38 C6 20 88 C3 20 58 3316 51432 C8E8 74 C6 60 20 38 C6 20 ER 7664 

51152 C7D0 C4 20 74 C6 60 20 38 C6 4240 
51160 C7D8 20 BO C4 20 BO C4 20 74 5196 
51168 C7E0 C6 60 20 38 C6 20 6E C4 6114 51440 C8F0 C3 20 84 C4 20 74 
51176 C7E8 20 C6 C4 20 74 C6 60 20 7014 51448 C8F8 20 38 C6 20 7C C3 

51456 C900 C4 20 74 C6 60 20 

51464 C908 20 7C C3 20 08 CS 

51184 C7F0 FE CS 4C DC C6 20 FE CS 1428 51472 C910 C6 60 20 38 C6 20 
51192 C7F8 4C D2 C6 20 38 C6 20 50 2310 51480 C9/8 20 BE C3 20 74 C6 
51200 C800 C3 20 6E C4 20 74 C6 60 3285 51488 C920 38 C6 20 7C C3 20 
51208 C808 20 FE C5 4C 54 C7 20 FE 4413 51496 C928 20 74 C6 60 20 38 

51216 C810 C5 4C 04 C7 20 FE C5 4C 5448 
51224 C818 OE C7 20 38 C6 20 50 C3 6254 
51232 C820 20 DC C4 20 74 C6 60 20 7176 51504 C930 7C C3 20 42 C4 20 74 
51240 C828 FE C5 4C 98 C7 20 FE C5 8539 51512 C938 60 20 38 C6 20 8C C5 

51520 C940 8C C5 20 74 C6 60 55 
51528 C948 00 02 82 48 89 20 9D 

51248 C830 4C 22 C7 20 FE C5 4C AO 1028 51536 C950 07 AD 21 DO 9D 9F DB 
51256 C838 C6 20 FE C5 4C 18 C7 20 2040 51544 C958 DO F2 60 00 02 00 RE 
51264 C840 FE C5 4C 86 C7 20 FE C5 3383 51552 C960 C9 8E 5D C9 RE 5D C9 
51272 C848 4C 36 C7 20 FE C5 4C 40 4335 51560 C968 10 RO 40 R2 FO CA DO 

51280 C850 C7 20 FE CS 4C 7C C7 20 5448 
51288 C858 FE CS 4C CO C6 20 FE C5 6856 
51296 C860 4C 4A C7 20 FE C5 4C 5E 7858 51568 C970 88 DO F9 CE 5D C9 4C 64 1269 

51304 C868 C7 20 FE C5 4C 90 C7 20 8991 51576 C978 C9 R2 00 8E 35 CO 60 55 2200 

C6 
20 
38 
20 
C6 
60 
ER 
C6 

60 
C6 
C6 
74 
C4 
20 
C3 
20 

C6 
20 
00 
9F 
CR 
SC 
FO 
FD 

997 
1064 
2788 
3524 
4530 
5421 
6487 
7247 

959 
1742 
2606 
3359 
4517 
5331 
6676 
7992 

- 2AWI BBS, from page 73. 

extensive precautions have been taken to ensure that failures 
do not cause interference. Apart from the internal "watch-
dog" timer in the TNC, a separate monitor is provided which 
detects the presence of RF and shuts off the power supply if 
the transmitter stays on-air for more than two minutes. 
Both the transceiver and the computer are arranged so that 

they will re-initialise in the event of a mains power failure. 
The computer will automatically reload and execute the 
software and the transceiver automatically returns to 147.600 
MHz. Backups of all the current messages are made when the 
system is started from the local console so that users are not 
inconvenienced in the event of a major crash. 

System management 
In common with all bulletin boards, the system is main-
tained and managed by a system operator or " sysop". In the 
case of VK2AWI, this is Andy VK2AAK. The software also 
allows any user to be nominated as a " remote sysop". This is 
useful with a system such as VK2AWI, allowing undesirable 
messages to be deleted or system parameters to be changed 
without having to actually be present at the main computer. 
Many aspiring sysops would possibly change their minds 

if they knew how much time and effort was required to main-
tain a system. In the case of VK2AWI, this usually takes 30 
minutes to an hour each morning to read and answer the 
mail, delete old or duplicate messages, check the content of 
messages for possible infringements of the regulations etc. 

The future 
The establishment of VK2AWI as the NSW divisional packet 
bulletin board was initially something of an experiment to 
see if such a system would be popular. Over the past few 
months, the experiment has proved to be a great success with 
a regular user base of some 80 amateurs and many hundreds 
of messages being handled each month. 

The success of the system is very gratifying, but consider-
ing it's status as the NSW divisional packet BBS, it seemed to 
the Council that we were neglecting all those amateurs who 
didn't live in the Sydney area and thus could not access the 
system. As a result, the VK2 Council has decided that the "ex-
periment" is over and the system will be expanded in an 
attempt to serve all NSW amateurs. The expansion of the sys-
tem will be made in a number of steps and the first of these 
will be a change in the frequency of the VHF port from 
147.600 MHz to 144.850 MHz on the first of December 1987. 
The new frequency has been chosen in accordance with 

the agreed bandplan for packet radio systems, but also has a 
number of other advantages. By moving to the low end of the 
band, the frequent problem of pager interference which is 
common at the top end of two metres will be avoided. The 
other significant advantage is that the expansion plan calls 
for the relocation of the system to the NSW division's trans-
mitting facility at Dural. By choosing a frequency at the low 
end of the band, it should be possible to diplex the system 
onto the antenna used for the divisional repeater VK2RWI on 
147.000 MHz without causing conflict or desensing. 
To serve the country areas of NSW, a second TNC and trans-

ceiver will fitted to allow operation in the 80 metre band. 
Once suitable equipment has been obtained, tests from the 
Dural site will be conducted. Experiments by other groups 
with packet radio on 80 metres have proved quite successful 
and it is hoped that many of the more isolated groups, clubs 
and individuals in NSW who are known to have packet capa-
bility will be able to take advantage of the facility. 

Perhaps in the future, other divisions of the Wireless Insti-
tute will set up similar systems and an Australia-wide net-
work can be established. Apart from being a lot of fun, packet 
radio lends itself to the efficient distribution of news and 
information and with a bit of thought and planning, amateur 
radio operators can build a network which would be the envy 
of many organisations. 
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HI-COM UNITRONICS INTERNATIONAL Pit 
7 PRESIDENT LANE CARINGBAH NSW AUSTRALIA 
PH: 02-524 7878 TELEX: 72573MAMS P/CODE 2229 

Hicom AT286 $3990 
6/12 MHz switchable 1.2M & 360K Floppy Drive 
20M Miniscribe Hard Disk 
Extended keyboard 101 keys with mechanical "click" 
1024K RAM 
Multivideo display card ( EGA, CGA, MGA) 
Version 6 G. Mouse with 3 Button EGA Colour Monitor 

TURBO XT 4.7/10 MHZ SUPER FAST 
XT COMPATIBLE 

FULL SYSTEM WITH 2 DRIVES 640K $1290 
FULL RANGE OF ADD-ON CARDS AVAILABLE 

SECOND SERIAL PORT KIT FOR XT $32 
FOR AT $45 

LAPTOP AT $4500 
SPECIFICATIONS 
CPU 

80286- ID 0MHz 

Memory 
32KB ROM expandable to 64KB 
640KB RAM expandable to 2640KB 

Disk Drives 
One 3.5" micro-floppy disk drive 
Optional second 3.5'' micro floppy disk drive 

Video 
Super- twist LCD (640x 200). with coning 
adjustment 
eonnecior for exiernal ROB mono monitor 

Keyboard 
82- key low profile keyboard 

Expansion 
One 9- pin RS-232 port 
One parallel printer port 
Optional 300/1200 baud modem (Hoses 
compatible) 
One 16 bit expansion bus  

Indicators 
Power- I ow. Caps-Lock, Num-Look. Disk. 
in- Use 

Power Supply 
12V/3Ah sealed lead- acid battery 
External AC to DC adapier  

Experimental Plug-in 
cards for IBM PC/XT 

Ill 

XT SHORT CARD $30 
XT LONG CARD $40 
AT LONG CARD $48 
APPLE II $28 

111114 MI* am 
SOO IIlie *Um é 
age tow di* 
Wad 

lluuÍ 

ADD-ON CARDS NEW!!!!!!!! 
VOICE RECORD & PLAY BACK CARD $199 
The voice record card includes microphone & speaker plug direct-
ly into the IBM PC/XT AT & ready to be used. 
Application includes voice communication, dictation for secretary, language learning 
tool 8. computerized security system 

Elektor 
CMOS RAM CARD 
for Commodore 64 

Super Simple 
Modem 
AEM4605 

300FDX, 1200/75, RS232 

interface to any computer. 

$125 

ELEKTOR SERIAL 
DIGITIZER 

MULTI SERIAL CARDS 
(4 SERIAL PORTS) $290 
Programmable baud rate 50-9600. RS232 Interface 
1488, 1489 SIO 8250 

EPROM WRITER CARD $320 
Program 2716 to 27512, 27C64. 27C128, 270256. 
one time prom VPP 12.5V. 21V. 25V includes external 
four zif sockets 

ILP TOROIDAL TRANSFORMER 
VA PRICE DUAL SECONDARY (1.1.0de m UK) 

VOLTAGE 
s u 12 15 II 23 25 3035 40.5 5055 

IS 35.50 • • • • • • • • 
50 35.50   
SO 45.50   
00 48.50   
VO 54 00   
KO 84.00 
225 00.08 
303 83.00 
WO 115.00 
625 132.00 

12 BIT AD/DA CARD $290 
1 channel D/A 0-9V output, 12 Bit 16 channel input 
'0-9V 

F or your computer • 
PCB 86090-1,2 
AEM 10/86$175.00 

8 channels with 8V 
max VP; serial I/O 
comm ( 150 9600 
baud) 

Main PCB with 2 
channels only 
$105.00 
each additional 2 
channels $30.00 

CODE TO 
SPEECH 
KIT FOR 
COMPUTER 

AEM 4505 KIT 

Parallel version for 

IBM PC/ KT/ AT 

$129.00 
Serial version for 

other computers 

$149.00 



300 Ohm 
Ribbon 

We've got your wire and 
cable needs all rolled up! 
From the finest copper 
wire to building mains 
cable (and everything in 
between), you'll find it at 
your nearest DSE store. 
Buy by the metre and save, 
buy by the roll and really 
save! 

Indoor/outdoor 
(black) TV ribbon 
for strong signal 
areas and/or 300 
ohm only antennas. 
(No balun required) 
Cm W-2070 

30. 
won 

Mains Circuit 
Breakers make 
sense! 
Fuses always blow at night. Where's 
the fuse wire? (Murphy's corollary 
No 326). 

Replace all the fuse blocks in your 
box with Mart« Circuit Breakers. 
They're just as effective as fuses 
(perhaps even more so) but 
restoring power is as simple as 
pushing a button! 

Available in metric and imperial 
ratings, fits standard ( Federal type) 
fuse boxes. 

Imperial Metric 
8A Cat P-5908 10A Cat P-5910 
16A Cat P-5920 15A Cat P-5915 
20A Cat P-5925 30A Cat P-5929 

ALL ONE PRICE: 
$1295 « 

Me ehetifemai anda 
Mime Hew  Yea", 

Builder's 
Light Cable 
Standard twin and 
earth, 1/113. For 
new building or 
replacement work. 
Buy in bulk and 
save more! 
Cat W-2060 

95c 

High Power 
Hand Held 
2m has never been so good! 
Hand held powerhouse 
includes push button control, 
10 memories, scanning, etc. 
And up to 5W with 
appropriate NiCad. (Includes 
NiCad for 3.5W output). 
CM D-3503 $599 

12 Core 
Data Cable 
Ideal for parallel 
and serial data 
cables. 12 different 
coloured 
multistrand 
conductors plus 
foil and drain wire. 
Grey outer 
insulation. 
Cm W-2041 

Builder's 
Power 
Cable 
Similar to left, but 
1/178 (25A) for 
power circuits. 
Cat W-2062 

q• 
_ ._ Hard of ., 

UMW' q Hearing? 

RG59U 
Solid 
Dielectric 
TV Coax 

75 Ohm Air 
Space 
The pro TV coax. 
6.9d8/100m 
100MHz. only 

75 ohms, as used 26.5dB at 1GHz! 
by installers Air space dielectric. 
everywhere. 8.5dB/ When low signal 
100m W 100MHz, loss is important, 
solid centre you want the best! 
conductor with foil Cat W-2082 
and braid. Black 8 
insulation. 
Cm W-2081 per metre 

600 
Per 
mire 

Oc 

Just Listening? 
Get your ears around a Bearcat 175XL. 
All the action on VHF and UHF to listen 
in on. 
• Aircraft • Carphones 
• Business • Amateurs 
• Etc Etc Etc! 
Cat 0-2812 $499 

DSE's Magnificent Meter Muster! 
For the beginner: Audible tester too! Logically Speaking... 

o 

Small enough to go 
anywhere, ranges 
just right for the 
hobbyist, auto 
electrical, etc. 
Keep a couple 
handy — just in 
case! cst 0.1010 

$1695 
Pouch to suit Protects your si 95 
Q-1010 meter from damage. 
Cat 0-1011 

Digital Workbench! 
3.5 digit meter, 

!¡' capacitance checker, 
!!' transistor checker — 

just about everything 
the hobbyist or service 
benchcould want. 10A 
AC & DC ranges, also 
has buzzer continuity. 
Cat 0-1500 

$129 

19 range multimeter 
includes an audible 
continuity tester 
and goes all the 
way to 10A DC! A 
great all-rounder. 

Cat 0-1022 

 T This is the one to 
go for. More than a 
multimeter — it also 
checks logic levels 
and displays hi, lo 
or pulse states. 
20k/V Sensitivity 
multimeter is 
no slouch, either. 
Cat 0-1026 

$4495 

4000 Counrmodel is 
Frequency twice as accurate 
reading OMM 
Yes — it's got a 200kHz 
DFM built in too. Very 
handy — also checks 
transistors, diodes, 
capacitors. And it's a 
multimeter! cat 0-1505 

  uu 
e,o4b si 

Most m'meters go 
to 2000 COuntS. 
This one is 

double. That's 
double the 
resolution. And it 
also features an 

analogue display 
to give you "dynamic" 
readings. It's great. 

mate. Cat 0-1666 

$249 

What did you say? Fit a 
telephone extension bell! 
Just plug it in to the 

socket — includes 5m 
cable so you can use it in 
another room, etc. 

Bewdy! 

Cat F-5119 $ 19 

2 Core 
Microphone 
Cable Pro 
Quality 
Extra heavy duty 
outer insulation. 
cotton reinforce-
ment for extra 
strength and dual 
multistrand 
insulated cores, 
with close-woven 
braid. 
Cat W-2035 

$1 75 

lWant Cannon connectors? No, not those cheap cardboard imitation "Cannon-types" 
every man and his dog flogs. Genuine, 
100% Cannon plugs and socket. For when 
quality really counts. 

1yp. No 
AXA-3-11 

AXR-3-32 

AXR-3-12 
AXA-3-31 

AXR-PDN-12W 

AXR-PDN-11B 

AXA-PDN-31W 

AXR-PDN-14B 

Orange Boot 

Yellow Boot 

Green Boot 

Blue Boot 

AXR-LNE-12 

AXR-LNE-11 

AXR-LNE-31 

AXR-LNE-32 

Description DSE Cal No Price 
In Line Audio 
Socket P-1620 $5.25 
Panel mtg. 
Audio Plug P-1622 $4.00 
In Line Audio Plug P-1624 $4.95 
Panel mtg. 
Audio Socket P-1626 $5.75 
Hi level audio line 
plug white P-1632 $10.50 
H/ley aud line 
socket blue P-1634 $9.95 
H/ley aud chas 
sock white P-1636 $7.50 
H/ley aud chas 
plug blue P-1638 $8.50 
(fits all plugs 
& sockets) P-1615 504 
(fits all plugs 
& sockets) P-1616 504 
(fits all plugs 
& sockets) P-1617 504 
(fits all plugs 
& sockets) P-1618 504 
240V mains 
line plug P-1627 $9.95 
240V mains 
line socket P-1631 $9.50 
240V mains 
panel socket P-1630 $7.95 
240V mains 
panel plug P-1629 $7.50 

DICK SMITH 
ELECTRONICS 
now boosts 
56 stores 
Australiawide — 
if one of these 
are not near 
you... check 
our list of 
dealers... 

Your local reseller is: 
MOW • Salem A. Cummings 8 Co 88 2284 • Bowel: F.R.H. Electrical 61 1881 • arose. WC HOODOOS a tectronms an 4UW 

• Charleetwon: Her/tonics 43 9600 • Cella Harbour Cons Harbour Electronics 52 5884 • Daniliquim Deni Electronics 81 3872 
• Forster Forster Photo Sound 54 5008 • Inverse Lyn Willing Electronkm 22 1821 • Lytton: Lestai Record Centre 53 2081 
• Ridge: Lightning Ridge Nesniagency 29 0579 • lisonsew Dscro 21 4137 • Mane Morse Electrical Services 52 3458 

Nevetronics 43 9600 • Pea Macquarits HMI of Electronics 83 7440 • Orange: Fyfe Electronics 62 8491* Ilpringmowt 
Wellington's Electrical Discounts 51 4888 • Term Brad's Electronics 52 601,3 • TumutTumut Electronics 47 1631 • Medulla: Paulo 
Electronics 55 3989 • Mims Phillips Electronics 21 6558 • Wellinton: Wk''Ington Electrical Service 45 2325 • Window M 8 E 
Electronics 206 George St, 77 5935 • Vase Keith Donges Electronics 82 1275 • VIC • /amnia: Ray Cross Electronics 782 2422 
• Cola= Colac Electronics 31 2847 • Clunelly: Ken Roberts ( Finders) 68 1333 • Edema: Webster Electronics 82 2956 • Madura: 
McWilliams Electronics 23 8410 * Monolith Maw« Electronics 34 6133 • Flosabutt Pentranics 88 7888 • : GV 
Electronics Centre 21 8868 • Sunbury.. Calco Electrical 744 1584 • Winn/mewl: Marrtronics 82 9870 • . Gobi« 
Photographic& Video 741 7089 • OLD • Bundabeirw Bob Elkin Electronics 72 1785 • Caimm Electronic World 51 8555. Calandra: 
Hurne's Electro-Mart 91 4270 * Insert Dyssrt Videotronixa 58 2107 • Gladstone: Supertonics 72 4321 • Mackay: Stevens 
Electronics 51 1723 • Mooleolabe: Mais Electronics 44 6588 • Maryterough: Keller Electronics 21 4559 • Mt lea: Outback 
Electronics 43 3331 • Nambeur Nambour Electronics 41 1804 • Noose Heads: Sunshine Phone Systems 47 4444 • Tinnowillik 
Tropical T.V. 79 1421 • SA • Mt Gambier Hutchessons Communications Centre 25 0400 • WhyW: Eyre Electronics 45 4764 
WA • moor Micro Electronics 41 3432 • Karnes: Daw's Oscitreonics 85 4836 • TAB • Dew/newt A.I. Electronics 8 Hobbies 

2411322 • Launceston . on Wills Electronics 3 5688— Spring.: 

DICK SWETT ELECTRONICS EXPRESS ORDER SERVICE 

ORDER BY PHONE 

TOLL FREE DSXpress ON 

(008)22 6610 
For 24 hour despatch 

SYDNEY (02) AREA 888 2105 
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FRG-9600 Scanning 

Receiver 

Unbelievable! Covers the complete 60 to 905MHz VHF/UHF 
spectrum! What's more — its all mode, FM, AM, CB, SSB.., 
the lot! With keypad or dial selection, selectable scanning 
functions, memory scanning and much, much more! 
Cat D-2825 (• SSB to 460MHz) 

$1199 
Budget Hobbyists Iron 
Ideal for hobbyist, general service. 
production line, etc! The Adcola RS-30 
12 watt mains powered soldering iron. 
Cat T-1820 $2995 
Duotemp- A little boost 
Professional quality — hobbyist 
price! Adcola's Duotemp solder iron 
with 21 watts of power PLUS a push 
button boost for fast heating or heavy 
soldering. cat T-11330 

HD 12V 30 Watt 

$4995 

The low voltage heavy duty iron at 
such a low price! Cornes with 2 metres 
of cable and car cigarette lighter 

adaptor. Cat T-1910 ONLY $7850 

Royel Professional 
"Soldering Station 

The best work deserves the best! 
Variable temperature soldering 
station with the quality, reliability and 
performance you expect 
Cal T-2050. si 89 

A Oh Nol 
It'. Christmas Morning. There are the kids with all their new toys 

I and games. And there are the long faces. 

y Nothing works — you forgot the betteriee 
ClulcId Grab some guaranteed f-r-e-s-h batteries from your nearest 
OSE store NOW. Before you forget Christmas. 

PSST. Want to Save money? Buy rechargeable NiCads — even #with a charger they're great value — and you'll save heaps in the # 
long runt Ask for the correct NiCads at your OSE store. 

-410- -411›.- -410-

The Complete Amateur Heavy Duty Power! 
Station! 

\*/ 

The incredible Yaesu FT767GX all mode, all band Transceiver! 
With every possible feature to drag the signal in or get yours 
out. HF, VHF, UHF — every amateur band from 160 metres to 
70 centimetres!! With auto antenna tuner, built-in mains power 
supply and much more! It's the best!! 
Cat D-2935 

3 Transceivers In one!! $4995 
Switched on Savings! 
MINIATURE TOGGLES 
SPDT. 8mm x 13mm 
(240V AC 2A) 
DPDT. 13mm x 13mm 
(240V AC 2A) 
Ultra Mini DPDT 
(240V AC 1.5A) 
Heavy duty DPDT 
(125V AC 10A) 
Right angle PCB mount 

STAMM TOWLES 
Centre OFF DPDT 
(125V AC 10A) 
Illuminated SPST 
(12V DC 16A) 
Piano Key DPDT 
Waterproof SPDT 
(12V DC 10A) 
PCB Mount Push button 
(120V 1A) 

Special Purchase 
Save! Bank of 8 interlocking switches. Great for audio 
work! Special price now! Cat 5-1005 

Bargain 8295 

CM N e. Price 

S-1173 Reduced to $ 1.25 

S-1174 Reduced to $1.50 

S-1245 Reduced to $2.75 

S-1168 $3.75 
S-1180 $2.50 

Cat No. Price 

S-1217 $2.50 

S-1214 $3.95 
S-1393 $3.50 

S-1195 Reduced $6.95 

S-1253 $2.95 

Transformers! 
otel Super Slim Mini! Transistor Audio 

Ideal for quick, on the spot repairs. 6 Transformers 

Model M-0222 
watt capacity in a super slim lightweight!, 
12 volt operation it comes with one 
metre of cable! 
Cal T-1920 51 795 Miniature size for transistor 

projects etc. requiring 
coupling. With 3k ohm 

Computer Tool Kit! primary and secondary. Iron 
core. Measures 17(1) x 15.5(w) 

A 12 piece computer tool kit for those x 15(h)mm. Cat M-0216 
repairs, alterations. etc.With IC inserteri, WAS $1.40 NOW sl 
remover pin straightener, screwdrivers, Isolation 
reversible torque screwdriver, pliers 
and more. All in handy zippered case! Transformer 
Cet 7-4839 

$4995 

Lug Crimping Tool 
Makes wire connections a breeze! 
Eliminates soldering and savesitime! 
Reliable crimping tool also.cuts and 
strips wire. Comes with assorted lugs - 
ready to use! 
Cat T-3520 VALUE 8656 

Economy Wire Stripper 
Great value! Large adjustable range. 
hardened jaws and insulated handles. 
About 1/2 the price you'd expect! $395 
Cat T-3630 

Save $10! 
The amazing Arlec Supertool! It drills, 
grinds, polishes, engraves, mills.., just 
about anything! 10.000 RPM with a 
fantastic range of attachments. A 
workbench isn't the same without one! 
Cat 7-1754 
lOW  $5995 WAS $69.95 

Precision 
Screwdriver Set 
6 chrome plated screwdrivers with ifree 

. running heads! Quality toolsi in handy 
plastic case. Both Philips and flat head. 
Cat T-4360 

Model M-02156 
Similar to M-0222 but with 1k 
ohm primary and 8 ohm 
secondary. For 350mW 0/P 
Ferrite core. 15 x 14 x 11.5mn 
Cat M-0216 WAS $1.40 

ONLY sl 

Audio Line 
Transformer 
Designed to cover PA — BGM 
applications. Suits all speaker 
impedances. Multitapped for 
use with 100V or 70V lines. 2, 
4. 8, 16 ohm secondary. 2.5k, 
5k ohm primary. Gai k4-1100 

$6 25 

600ohm/600ohm. For 
modems and other telephone 
line applications. Complies 
with Telecom regulations. 
Isolates line from device. 
Cat M-1210 

NOW $1285 

When you're working hard — you don't want to lose your cool! 
The FP757HD power supply is just what the avid doer wants. 
Plugs straight into the 757 but it's also suitable for other 12V 
transceivers. Rated at a superb 13.8V, 20A continuous! 
Cat D-2915 

Muititap 240V Models 
OSE 2155 OSE 1200 
Primary — 240V, 50Hz 
Secondary — 6.3, 7.5, 8.5. 
9.5, 12 & 15V 
Secondary current — 1 amp 
Cat M-2I55 $795 

Primary — 240V 
Secondary Voltage — 40V @ 
10mA, 19V @ 200mA. 11.2V 
@ 450mA. Cm M-1200 

9995 

Positive 
Photoresist 
Spray 
Fast drying photoresist 
for one to one 
reproduction of circuits, 
diagrams, etc on metals. 
200g can ideal for 
PCB work. Cst N-1000 

15 

Air Duster 
400g of high pressure 
compressed inert gas 
for cleaning circuit 
boards, equipment etc 
Ideal for those fragile 
or hard to get at 
places! Cal N-1050 

$1595 

Ill Refill your Portasol 
....- ,.. Soldering iron with 

'this 30g Ronson 
Multifill. Even works 

, with,refillable 
, ! cigarette lighters! 
, ' Cat N-1080 

$ 1 75 

$599 
Butane 
Refill 

Silastic 

ÀSealant/ 
Adhesive 
RTV 38 silastic 
sealant specially 
designed for high 

  voltage applications. 
Neutralcuring in 85g 
tube. Sticks and 
insulates just about 
anything! Cat N-1226 

oe-1 $1 22$ 
Power Supplies! 
Better than batteries! 
9V DC @ 200mA 
Ideal for anything that requires 9V transistor type battery. 
Just plugs into mains power socket! Cat M-9514 S1195 

AC Supply 16V 900mA 
A healthy 16V at 900mA. Perfect for 12V DC supplies. 
Plugs straight into mains socket! Cat M-9567 

3-6-9V DC @ 200mA 
One of the most popular supplies. Ideal for many battery 
powered devices. Select any of three voltages! Cat M-9525 

WAS $17.50 NOW $15" 

Six Voltage Selections 
Incredibly versatile! Switch selectable 3-4.5-6-7.5-9 or 12 
volts at 300mA. Fantastic value! Cat M-9526 

WAS $18.95 ONLY $15" 
Multi-Volt Powerpack 
3-6-9-12V DC at 1 amp! Invaluable around the home or 
workshop. Plugs into AC power socket, DC connections 
via screw terminals on front of unit. Cal M-9530 

SAVE $10 WAS $32.95 NOW $22" 

$1495 

DICK &, SMITH 
ELECTRONICS  

*5" PTY LTD 
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Finally, an LCD Multimeter which accurately shows analog- type readings! 
All those essential dynamics that are often lost on a DMM . . . often it's 
not so much a reading you're after as the change in readings! 

But there's more: the information is displayed in " bar graph" format 
for instant recognition and ease of reading. And if you need to 

expand the scale, it's a simple one- button operation to go to a 10x 
magnification! 

Plus a data hold function ( last reading retained), a maximum 
hold function ( highest reading retained & marked, but 
readings continue), diode check & continuity, etc, etc: it's one 
of the best general purpose multimeters available today — 
simply because it does everything better! 

DCV: 100mV, 2.5V, 10V, 50V, 250V, 1000V, 
5Mohm impedance 

ACV: 10V, 50V, 250V 750V ( minimum 5k/V, 25k/V on 10V) 

DC: 2.5mA, 25mA, 250mA 

Res: 250 ohms, 2.5k, 25k, 250k, 2.5M 

Cont: 250 ohms max, continuity beeper approx < 100 ohms 

• 105 step LCD bargraph display giving 1% resolution 
on any scale (eg 10 volts on 1000V range with mag 
pressed). 
• Fast 10/second sampling rate for virtually 
instantaneous display (much faster than most 
digitals). 
• Automatic positive or negative indication 
• DATA Hold key freezes reading immediately 
previous to pressing. This can then be 
magnified (by up to 10:1) for a more accurate 
and precise reading. 
• 6DVC V ranges (down to 100mV with 
virtual 1mV sensitivity), 4 AC V ranges, 5 
resistance, 3 DC plus diode check and 
continuity ranges. 
• Single input terminals mean no 

swapping of leads when you change to 
different scales. Fully shrouded test 

leads supplied, with full instructions. 
Cat Q-1777 

Diode: Test current approx 0.5mA, reads Vf on display 

Measuring Method: dual integration mode 

Sampling: 10 times per second 

Power:1.5V (AA) x 2 

Battery Life: Approx 800 hours or more. 

Size: 145 x 86 x 34mm (w x h x d) 

Weight: Approx 250g ( inc batteries). 

Available exclusively from DICK 
Dick Smith Electronics 

ORDER BY PHONE: TOLL FREE 
DSXpress ON (008) 22 6610 

For 24 hour despatch 

ELEcrielleteg 
PTY LTD 



»fie Kits 
Foe Kite/as 
here's a great case for a 
good project... 
We've had these superb cases made 
especially for our new Economy Stereo Amp 
Kit (see below). But they're SO good we 
thought we'd stock them as a normal line as 
well. Cad plated steel case with pre-puched 
front and rear panels (suits anything?), cover 
is grey crinkle finish, pre-slotted for heat 
dissipation. Magnificent! 
Size 370 x 70 x 135mm 
Cr H-2900 $3495 

Build an amplifier: 
economically! 
Here's a great first "big" project. When 
you've finished mucking around, build an 
amplifier! It's not too difficult — our new 

Economy Amplifier Kit makes it a cinch! Kit is Radio Direction Finder 
"short form" — does not include case 
(H-1900) or transformer ( M-8872). Over 8W 
per channel at <0.05% distortion, CD, tuner, 
disc and aux inputs. Cr K-4001 

Universal 
Heatsink 
Universal hole pattern 
allows the mounting of 
virtually all 'power' type 
semiconductors. Ribbed 
walls and black anodised 
finish for maximum 
efficiany. Cat H-3401 

1 4° 
100W HF Linear Amplifier 
Designed for our HF Transceiver ( K-8330) but 
also perfect for use with a huge range of GAP 
commercial gear, in the range of 3 to 15 
watts output. Gives around 10 to 14dB gain 
so up to 100W output 
could be obtained from 
a very modest input. 
Cet K-633I 

$349 

h1(413114-44;c>44.4.---4". 

,,.1..104 1 29 95 

Great news for radio amateurs, CB operators 
and marine enthusiasts? The DSE Radio 
Direction Finder Kit is real value for money! 
When coupled with a suitable FM receiver it 
rapidly indicates the direction of the RF 
signal being received. 

$1 41.9 Cat K-6345 111111111 

"Pocket" Case 

FunWay Three 
Dick Smith's own FunWay 
into Electronics 
Here's great value: the FunWay One Gift Box. 
All the components needed to build any of 
the projects in FunWay One.., and the book is 
included too! Cr 5-2e05 

$2695 

FunWay One Project Packs 
Two project packs to allow you to build any of 
the kits. Project Pack One allows you to build 
any of the first ten, Project Peck Two gives 
you the additional components to build any 
of the 20 kits (needs Pack One tool) 

FunWay 
One: 
Project 
Pack One 
Cr K-2900 

$895 4f, 

FunWay Two 
Ready for something more 
advanced? FunWay Two has 
another twenty projects to 
build — all on modern 
printed circuit boards. 
And we even teach you how 
to solder! Cat K-2620 

$26" 

The real professionals! Build the FunWey 
Three kits and you'll be ready to tackle most 
projects. The FunWay 
Three Bonus Pack 
includes the FunWay 
Three books and 
TWO popular 
FunWay Three kits. 
Cr K-2670 

$29" 
One, Two and 
Three Gift Box 
If they're really into electronics, they'll LOVE 
the Gift Box. It has kits to build from all three 
FunWay Books. 
Cr K-2680 

FunWay 
One: 
Project 
Pack Two, 
Cat K-2610 

$5995 

And the really big one... Get 
the Jumbo Gift Box! 
Over thirty great projects to build from all 
three FunWay books. And the books are 
included! Over $ 120 worth of goodies 
crammed into this value-packed box. 
Cr K-2690 

$9995 

• 

DV(RESS 
DICK SMITH ELECTRONICS EXPRESS ORDER SERVICE 

CALL DSXpress TOLL FREE ON 

(008)22 6610 
For 24 hour despatch 

SYDNEY (02) AREA 888 2105 

Aluminium Cases 
Superb range of cases based on a specially 
made 18 guage aluminium extrusion giving 
cases which are ultra strong. 

78rnm Cat H-2420 $10.95 
102miemnihngth Cat H-2425 
$12.95 
153mm length 

Cat H-2430 $14.95 

A tiny (57 x 38 x 17mm) case intended for 
pocket or keyring transmitters: infra- red, 
ultrasonic, UHF, etc. for alarms, garage 
openers, etc. Cr H-2497 

$2"  
Store 'em 
Resistors, transistors, screws, etc. etc: all 
those little bits'n'pleces you keep losing 
can now be stored. Even millions of 'em — 
just keep on stacking these nifty parts 
drawers together! 
Two styles: Single Drawer, .475 
103 x 83 x 120mm Cat H-25111 011. 
Two Drawer, 
137X98 x 58mm Cr H-2590 

Slightly imperfect, won't 
affect wear! 
Our case manufacturer has boo-booed! 
Minor imperfections and blemishes in our 
H-2505 cases meant they didn't pass OC 
inspection. And the manufacturer didn't want 
'em back! So we're selling them off (while 
they last) as is. If you're looking for a 
bargain ... this is it? Fawn plastic finish, black 4. 
front and rear panels. uar Alarm 
Measures 200 x 83 x 180mm. Cr J-2505 The ultimate in protection! One of the best 

9 siren output. 
its own $ 95  

Walkabout Wadio 
This portable radio kit puts the life back into 
AM reception! Using a cunning TRF circuitry 
system the original audio bandwidth 
transmitted by the station is largely 
maintained — AM comes alive! 

$ 19" Cat K-2720 

ef) 
" 

Optical Motion 
Detector 
Perfect as part of your alarm 
system or as a door minder 
etc. Self contained and 
battery 
operated! 52995 
Cat K-2721 

Microwave Leakage 
Detector 
If your microwave oven 
leaking dangerous 
radiation? Check it out 
with this handy meter. 
Cat K-3095 $ 7 45 

Musicolor IV 
The Musicolor Mk IV is four chase patterns 
plus auto chase and reverse chase AND four 
channel colour organ with built-in 
microphone means you're ready to start a 
lightshowl qua K-3143 

$135 
Beat Triggered Stobe 
Really makes your music come alive by 
flashing in time with the music. You can also 
use it in conventional strobe mode. With a 
variable flash rate up to about 30 flashes per 
second. Cet K-3153 

Look Mum. No bike! 
$5995 

usUMel see 

50W Module 

Fit a bike alarm to your bike and it'll scream 
its head off if some light fingered larrikin tries 
to lift it. Easy to build, easy to fit — suits most 
motorcycles. Cat K-3249 

$7995 

$3995 

Digital Counter 
A 1GHz Digital Frequency Counter with 
sensitivity of around 20mV. Based on the 

Incredibly reliable — yet very very latest technology LSI chips, this 
simple to build. The complete outstanding design features specificaltons at 
amplifier on one pcb — all you do least the equal of commercial units costing 
is add a heateink, connect to may times the price 
power... and gol Cr K-3440 Cat K-3437 

$22" $259 
mow Amp Module Power Supply 
Use two for stereo, or even The electronics to suit either two 50 watt 
use in bridge for double modules or one 100 watt module, including 
output! (Get up to a mssive speaker de-thump circuitry but not including 
200W output?) Cr K-3442 transformer. Cr K-3438 etzw----7-

$2995 $2395  

DICke SMITH 
ELECTR9NICS  



ady for the 

What a year on TV! The Bicentenary — think of the coverage that'll have 
And the Olympics — sensational! 

Is your TV antenna system up to it? 

If it's typical of most, it's not (up to it, that is!). Probably put up when TV 
started (that's over thirty years ago!): the antenna's probably broken, 
corroded or bent, the lead-in's probably pretty suspect too. 

Fix them — before ' 88. And get ready for the Big Events of ' 88! 

!+! 
mer. 

More than one TV? 
Don't just connect them together: it doesn't 
work! Use a splitter for optimum performance 
— sets won't interfere with each other. 
Cat L-4-472 

$545 

Two Antennas? 
UHF 8. VHF Antennas don't need two lead-
ins. Save money by using a diplexer — one 
lead in is much more convenient ( saves 
madly swapping leads!) Cat L-4470 

$495 

The Right Antenna for YOUR 
Area ... at the Right Price! 
ALL PACKS 
ONE SPECIAL 
LOW PRICE: 
$4995 EA!!! 

That's right: DSE's special VHF/UHF antenna 
pack suiting EVERY local area translator in 
Australia! We've put together a number of 
special antenna packs to ensure that no matter 
what combination of VHF & UHF bands, or 
polarities, you're covered! Don't know which 
one you need? Ask us! 

(Note: Many areas do not yet have local area translators 
L-4025 antenna will normally suffice). 

Specific Area Packs: 
Most areas: Combination VHF/UHF band IV (SBS) L-4001 
Canberra: Two antennas in pack (VHF & band V UHF) L-4002 
Newcastle/Wollongong: Two antennas in pack L-4003 
Ballarat: Special channel 3 & 6 VHF Antenna L-4006 
Bendigo: Special channel 1 & 8 VHF Antenna L-4007 
Albury: Special channel 1 8, 4 VHF Antenna L-4008 

In that case the 

Order by phone: 24 hour despatch through DSXpress. 
CALL TOLL FREE (008) 22 6610 (Sydney Area, call 888 2105) 

Cable: 
DSE stocks top quality TV cable in both 75 
ohm coax and 300 ohm twin lead. 

75 Ohm — Air dielectric, low loss cable for 
external/internal installations. Dual shielded 
(foil/braid) with UV stabilised outer cover. 
Cat W-2082 

300 Ohm — UV stabilised twin flat ribbon, low 
loss Cat W-2070 --- 

-  

Need that extra 
range on VHF? 
For country viewing ( deep fringe area) or 
where signal levels are very low (shielded, 
etc) you'll probably need one of the " big 
guns': the phased array. High gain, high 
performance on all high VHF channels. 
Suitable for horizontal or vertical mounting. 
Cat L-4025 

$99 
IT 

How About 
FM Radio? 
For best results an outside FM antenna 

is essential. Ours is specially „— 

designed for the FM band, can be 

erected in either polarity. 309 ohm type. 

Cat L-4054 

$3495 
 • 

Coax 
Extension Lead 
Perfect for wall socket to TV, 
VCR to TV, etc. 1.2m coax 
lead with male plugs both 
ends. Cat L-4506 

$4" 

Wall Sockets for Coax Cable 
Two different types to choose 
from for that really 
professional installation' 
Skirting beard type — Small 
and unobtrusive Cat L-4504 

$4 95 

Wall Plate type — fits over 
standard wall box, can also 
be used as 75 ohm splitter for 
second or third TV. Cat P 2042 

$435 

Need more 
Signal? 
We have two amplifiers which might 
solve your problems ... 

fen 

Masthead Amp 
Especially for long range viewing, a 
masthead amp often works wonders. 
Amplifies signal right at the antenna — 
away from the noise —for best possible 
results. Complete with mains supply. 
Cat L-I200 

$75 

•.1.411 
In-line Amp 
Especially suitable for multi-set use, 
great for VCR signal amplification. 
Simply plugs into output of VCR, 
splitter, etc, and lead to TV plugs into it. 
Mains power adaptor required. Cat L-4202 

$29" 

DICK SMITH 
ELECTRONICS  

PTY LTD 



Want a Hot ? 
PORTASOL won't let you down. 

Catalytic heater: 
no flame! 

Fingertip control 

60 minutes 
full power soldering 

Comfortable, 
balanced handle 

Serviceman on the job? Hobbyist on the move? Technician 
on the go? 

When you need to solder away from power, this is what you want: 
Portasol. The butane-powered refillable soldering iron with more power 
than most mains irons! 

It's far better than a re-chargeable. If it's " flat", it "recharges" in seconds with 
standard lighter gas. And if it's not hot enough, simply wind the wick up. Try doing 
that with a NiCad! 

Perfect for all soldering applications — even those heavy jobs you'd normally want 
a "big gun" for. Yet it's small enough to slip into the shirt pocket (and in case you 
leave it on, the cap turns it off for you!) 

Just think of the applications apart from electronics: Boat wiring and repairs. Auto 
electrics. Builders/electricians. Antenna installers. And so many more. 

Portasol: it's a breakthrough in soldering. Throw away your old ideas about 
soldering. Get a Portasol and you'll get the difference. Cat T-1370 

Pocket cap turns off burner 
— just in case! 

Inbuilt lighter 

Controlled heat 
— equiv. 10 to 60 watts! 

Refills with 
standard 

lighter Butane 

Spare tips 
including 
Catalytic 
Heater 

$1295 

Cat T-1371 

Only 3 995 at ELECTRONICS 
PTV LTD 

Available at all DSE stores... or phone DSXpress 
on (008) 22 6610 (Sydney 888 2105) 



dial up with Roy Hill 

A financial request 
Regular readers of this column will be well aware of my 
enthusiastic support for BBS operators. Indeed, this is not 
the first time that I have asked for financial assistance or 
sponsorship for a struggling BBS operator. It has been drawn 
to my attention that ALWYN SMITH (3/3 on the OPUS Net-
work) is in dire need of some corporate sponsorship to help 
meet the enormous bills that he is currently footing from his 
own pocket. Alwyn, however, is not a normal BBS (which 
ones are?, I quite rightly hear you ask) - Alwyn runs the 
Echomail Gateway in Queensland. It is his BBS that is 
responsible for seeing that all Echomail messages are distri-
buted to other countries. If Alwyn has to close down, good-
bye Gateway and Goodbye Echomail. 

If anyone out there is prepared to help with the cost of run-
ning this entirely voluntary service, would they please leave 
a message on Echomail on any OPUS board. 

Whilst on the subject of bulletin boards, the same operator 
that was telling me about Alwyn Smith, was also lamenting 
the work he had to do to rebuild his hard disk after a Trojan 
slipped through. Sure, he did his backup, but for a BBS 
operator, to fully recover his system, he'd need to backup 
every hour. Most BBS operators I know of usually run their 
BBS whilst they're off at work, so recovery can be a very 
messy process. I am at a total loss to explain the mentality of 
these worms (not the programs, the coelenterates that write 
and distribute them). It must be a very twisted mind that per-
forms this type of foul deed. Perhaps some psychologist who 
reads my column (there must be at least ONE who does) would 
like to offer some explanation as to what motivates these lower 
forms of animal life. 

Networking 
I recently had the pleasure of attending a demonstration of 
networking at ICL House (100 Arthur Street, North Sydney). 
A Mr Phil Dodd was showing a group of us ICUs networking 
hardware and software, and very nice it was too. ICL even 
have a TRUE multi-user, multi-tasking version of MS-DOS 
operating (Version 4.1). This version of DOS enables ICL's 
series of PC clones to talk to their minis and mainframes of an 
Ethernet link. It all worked. ICUs version of "Windows" was 
also quite impressive. 
The other interesting part of the session was a talk on the 

implementation of OSI (Open Systems Interconnection) 
which is the International standard for LAN and WAN net-
working. ICL have a very informative little booklet available, 
which explains all the ins and outs of OSI. Lam sure that they 
would be only too glad to provide a copy to any interested 
party. Phil Dodd also discussed a new type of standard for 
networking of which I was unaware. This is the ODA (Office 
Document Architecture), which provides for an International 
standard on the way a WP document or FAX message can be 

 IS  BIT STREAM FLiy.5e 

•-• 

transmitted between inherently incompatible computers and 
their individual WP packages. ODA provides a means for 
standardising such things as headers, footers, in-text styling 
(bold, underline, italics etc.), as well as providing standard 
codes for inclusion of graphics images (both scanned and 
digitised) and any other option want could possibly wish for 
in a document. The ODA uses a software package called ODIF 
(Office Document Interchange Format) to handle the conver-
sion in a transparent fashion. ODA is not only supported by 
ICL, but by other computing/electronics heavyweights such 
as Honeywell-Bull, Olivetti and Siemens. 
Once again, ICL have a very informative brochure on ODA 

which I am sure they would be glad to make available. I admit 
to having a special place in my heart for ICL. The first compu-
ter I ever used in a big way was an ICL 1004, which we had to 
program by hard wiring a huge plug-board. Those were the 
frustrating days of programming, where there were sugges-
tions made about uses of programming wires which I am sure 
ICL never dreamed of - at one stage one of our office parti-
tions was held up by several of the longer ones. 

Comms programs 
Last month I promised to discuss two more Public Domain 
comms programs - Boyan and Pibterm. These are the last two 
packages that I intend two discuss and next month we will 
move onto a different topic. If any readers are aware of the 
omission of an important package, however, I will be only to 
glad to include it in a future column if they provide me with 
the necessary details (Name, BBS service it lives on and 
approximate size of the package). 

PIBTERM 

Pibterm is very similar to Procomm in its operation, with sev-
eral important differences. Firstly, Pibterm uses the ALT/I for 
a pull-down help menu, rather than the HOME key and the 
prompt for this help screen is not always present on the 
screen. Secondly, Pibterm provides its own rudimentary line 
editor, which is sufficient for 95% of all editing require-
ments. I used the in-built editor to correct mistakes in com-
mands. Invoking the editor uses the almost standard ALT/A 
command. One of the first things I did to Pibterm was to 
change the screen colour. Some of these packages come with 
the most ghastly (to my thinking, anyway) combinations of 
colours that one could imagine. Pibterm is not my favourite 
comms package for the manner in which it goes about this 
task. All of the available settings are called up using the ALT/ 
P key (shown in Figure 1) and the video mode and colour is 
shown as Option m from this menu. Unfortunately, Pibterm 
does NOT show you the effect of these colours as you change 
them, so it's possible to end up with a rather ghastly combina-
tion and so it's back to square one. 

The Bit Stream Flyer 
Undoubtedly the cheapest 1200,1200 bps (V22) 
modem in Australia - and all Australian made! 
ONLy $1991 (Allow $8.00 delivery). 

BANKCARD & MASTERCARD accepted. 

MAESTRO 
DISTRIBUTORS 
Cabal St, 

Sth Kincumber 2256 NSW 

(043)68 2277, 68 2278 
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A feature about Pibterm that I do like, however, is the abil-
ity to Toggle the checks for CTS (Clear To Send) and DSR 
(Data Set Ready). This prevents the program from hanging on 
those computers that don't support these lines. Figures 1, 2 
and 3 show the selections available from the ALT/P set-up 
menu. 

FE Set porometers 3  
a) Communications Port 
13) Speed (Baud Rote) 
c) ?ority . 
d) Dot° Bits 

Stop Bits 
Backspoce 
Linefeed toggle 
Terminul Type 
Modem setup 
File transfer protocol 
Kermit parameters 
Screen dump file name 
Video mode and colOPS 
Miscellaneous 

s) Execute Script file 
w) Write new confiA file 
ZEMEMUMOILEZ 

; 

Figure 1 

As can be seen from these figures, Pibterm offers several fea-
tures that are unavailable on all the previously mentioned 
packages. Hopefully, you'll all be able to pick and choose and 
end up with the package that most suits your needs. Every-
thing considered, Pibterm would be in the top four PD pac-
kages. 

BOYAN 

Boyan is a comms program written by an individual, rather 
than a committee. The designer has chosen to go his own way 
and not use the standard types of function keys. I found 
Boyan to be a bit of a problem, because Mr Justin Boyan has 
used the CTRL/HOME combination to invoke the help screen 
and my little Bondwell laptop has a real problem with this 
combination. I have included a diagram of the command 
help screen here to assist readers in making a judgement as to 
Boyan's worth. 

Figure 4 

Figure 2 

FE Defoult file transfer protocol 
a) Ascii 
h) : modem (Checksum) 
c) Xmodem ( CRC) 
d) Kermit 

fi Loceme (Checksum) 
A) Modem? (CRC) 
fi) 'Modem 
;) ? modem (Botch) 
j) None 

FE Miscellaneous Parameters: 
a) EXEC PC BB S Commands 
b) CompuServe B Protocol 
0 Exploding menus 
d) Review scrolled Iines 
e) Xmodem download buffer size 
f) Greenwich mean time log 
A) Write directly to screen memory 
fi) Check Clear To Send 
i) Check Data Set Ready 
;Rem 

Figure 3 

As I have spent a large amount of space telling you all 
about these PD programs, let me now rank them in order of 
preference:-

1. Telix 
2. QModem 
3. Procomm 
4. Pibterm 
5. ZComm 
6. Boyan 
7. 

40. All the rest 

Honestly, if you can't pick a winner from the first six on the 
list, then you'd probably be better off buying a commercial 
package. The order of the first two is not important, either, as 
I rank them about equal. 

That's all for this month, next month I will discuss all the 
features of a modern BBS. 

SOYAN v, D1 
  MODEM COMMANDS 

COMMAMD MENU On-line Help 
  FILE/DOS COMMANDS   

Di a l a number ********* 

Queue Redial Menu e"*"'" 44 ° Alt- Q 
man , up *** 44.Witetit.,4046.• At— H 

Parameter change """" 4"" Alt- P 
Send modem break signal sie Ctrl- End 

  MISCELLANEOU: COMMANDS   

Configure BOYAM   
Scroll bock lost text   
Zap (Clear) screen   
Save screed imoge to disk 
Use default text color   
Enter mocro manually 

Rua script file block   

EXIT BOYAN   
FURTHER HELP   Ctrl Home 

Alt C 

•••• 
Alt- Z 
Alt- S 
Alt - U 
Alt t.1 

Alt Ft 

Alt - X 

Dinectorii File Monaper t ****** *** Del 
Uplood File PgUp 
Download File   PgDn 
Free space on disk   Alt- F 
Info about o file's size   Alt- I 
New drive/subdirectory   Alt- M 
Issue DOS command   Ins 
Jump to DOS Alt -i] 
View file   Alt- V 

TOGGLES   (now) 
Beeps and bells *** 0 CON ) 
Echo keyboard   (OFF) 
ANSI Graphics   (ON ) 
Translation table of) (ON ) 
Gossip mode   (OFF) 
Log to disk   (OFF) 
Log to printer   (OFF) 
Add line feeds   (OFF) 

•••• A 
foss A 
e.s. A 
OM A 

A 
silos A 
CtPI-PM-Se 
Shift- Tab 

t- B 
t- E 
t- A 
t- T 
t- G 
t- L 

ENTER COMMAND, or < ESC) to exit, g HUN v,D1 $ by Justin Boyan, Feb, 1987 

Dec. 1987 — Australian Electronics Monthly — 101 



letters 

Question on crossover for 
our 6103 3-way speakers 

Dear Sir, 

I have recently built a pair of VIFA/ 
AEM three-way speakers which were 
purchased from a local supplier. My 
query relates to the crossover network 
supplied. 
The first indication that something 

was different was that the leads were of 
insufficient length to reach the speakers 
when the crossover was mounted in the 
base of the speaker box. Also, the lead 
colours did not correspond with the 
instructions. As a result, I contacted 
Scan Audio in Melbourne to clarify the 
situation. I was told that the crossover 
had been changed to give a "better per-
formance". 
The units supplied do not use third 

order filters throughout, but a mixture of 
orders for the various drivers. My ques-
tion is, what is the effect on the speaker 
performance of these crossovers and 
what is your opinion of the situation? 

I find it hard to believe that the result 
could be anything but detrimental, con-
sidering the effort which went into the 
design and the results obtained from the 
prototypes. I might add that the instruc-
tions supplied with the speakers quote 
the kits as "VIFA/AEM6103". (the writer 
supplied a sketch of the crossover cir-
cuit — Ed.) 

Subjectively, the bass response seems 
excessive, but without a comparison, it 
is difficult to assess. 

I intend in the near future to build an 
AEM6000 amplifier to drive the speak-
ers, so the speaker quality is important 
to me. I am concerned, especially con-
sidering the outlay involved. 

I would also like to congratulate you 
on your excellent magazine which I have 
been buying since the first issue. 

A. Williams, 
Canberra, ACT. 

Thank you for your letter and for your 
support of the magazine. I can under-
stand your concern with the situation, 
but hopefully, I can put your mind at 
ease. I spoke with Mike Henrilcsen of Scan 
Audio to get some background informa-
tion and details on the kit you put 
together. 
The original AEM6103 design is now 

nearly three years old and since that 
time, there has been significant develop-
ment in loudspeaker design theory. The 
modified crossover is based on the results 
of this research and in particular, the 
research conducted in Canada by Floyd 
E. Toole, Scan Audio say. 

If you refer to the response graph in the 
original design, you will notice that there 
is something of a depression in the 
response between about 100 Hz and 5 
kHz. Also, the original crossover design 
slowly rolled off the top end response 
from around the upper mid-range. The 
result of this design was that the system 
was considered "too flat" for some 
domestic listening situations. 
The modified crossover corrects both of 

these qualities and, as Scan Audio ex-
plain, provides a wider linear dispersion. 
I should add that the modified crossover 
is "Tilbrook approved" and certainly 
does not degrade the performance in any 
respect. In answer to your question (writ-
ten on the circuit diagram) concerning 
phasing, the speaker phasing is correct as 
shown with the modified crossover. (The 
original design required the mid-range 
drive to be connected in reverse with 
respect to the woofer and tweeter connec-
tions. In the 'new' crossover, all drivers 
are connected with the same phase). 

With regard to the perceived excessive 
bass response, I feel that this may be due 
in part to the placement of the speakers. If 
you have the speakers placed on the floor, 
try mounting them a little higher and 
check the results. 
Scan Audio advise that the speakers 

supplied by them which include the mod-
ified crossover are identified by the model 
number SA130. They can still provide the 
original system, identified as 6103, if 
desired. 

I trust this information is of some assis-
tance to you and I hope you are as im-
pressed with the AEM600 power 
amplifier as many of our other readers 
indicate. 

Andrew Keir 

Synth circuits 
for the guitarist — again 
Dear Sir, 

Having read the letter and reply about 
a guitar to music synthesiser interface 
(Jun a issue, page 8), I thought I would 
write and perhaps shed some light on 
the subject. 
John East is right regarding the techni-

cal difficulties in the design and 
implementation of accurate pitch (fre-
quency) to voltage converters, but a 
number of designs have appeared in 
print over the last 10 or more years, and 
not only in Electronotes. 

Craig Anderton (Editor of Electronic 
Musician) published a series of guitar to 
synthesiser circuits in a now defunct 
magazine called Device. The publica-

tion later merged with the magazine 
Polyphony which recently became Elec-
tronic Musician. 
This instrument, the AMS 100 

("Audio Modification System") con-
sisted of some unique modules, such as 
"envelope pluck followers", voltage 
controlled (VC) phase shifters, VC flan-
gers, VC distortion and rhythm pattern 
generators; various other modules have 
appeared in Polyphony and Electronic 
Musician. 
Although this unit was monophonic, 

Craig already has a six voice polyphonic 
system up and running which he 
intends to publish at a later date. 
Another unit can be found in the May 

'86 edition of the British magazine Prac-
tical Electronics. This unit is called the 
guitar tracker and is essentially a pitch 
to voltage converter and a VCA in one 
package. The control voltage of the VCA 
can be anything. 

I hope this information is of some use 
to you. 

Tim Corfield, 
Wiley Park, NSW 

Assistance with 
the 4504 Speech Synth. 

Dear Sir, 
On reading the letter from Mr L. Ross 

of Canley Heights regarding the connec-
tion of the AEM4504 speech synthesiser 
to his SEGA SC-3000 computer, I 
decided I may be able to offer some 
assistance. 
Of the Sega's I/0 ports, only the serial 

port used for serial type printers would 
seem to be suitable for use with 
AEM4504. The 44-way card edge con-
nector would appear to be impractical 
as there is no pinout information availa-
ble, connectors are difficult to find and 
the BASIC cartridge uses all the lines. 

If Mr. Ross is desperate, he could 
invest in a "Super Control Station" 
which includes extra memory, a three-
inch disk drive and a parallel printer 
port. Information on this unit is availa-
ble from PH. Computers, 89b Foster 
Street, Dandenong 3175 Vic. This com-
pany may also be able to supply a paral-
lel printer interface. 
Whilst the Sega has no decent inter-

facing and is terribly slow, it does have 
excellent graphics and sound which is 
why I run one in addition to my PC com-
patible. I hope this information will be 
of some help. 

"Merlin" 
Mentone, Vic. 
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ALL ELECTZONIC COMPONENTS 
118-122 LONSDALE STREET, MELBOURNE. VIC. 3000. TEL: 662-3506 

Division of DOTHAIN Ptv. Ltd. 
FAX (03) 663-3822 

TALK ABOUT A HUGE RANGE OF KITS! 
STEREO UNITS 
52 Ell 482 50 watt per channel Amphher 
$3 Eli 482A Preamp Board 
54 ETI 4028 Tone Control Board 
56 ETI 480 50 watt Amphher 
S7 ETI 480 103 watt AmpMier 
S9 ETI 443 Expander Compressor 
SIO Eli 444 Free watt stereo 
S12 Ell 138 Aude Level Meter 
518 Eli 126 Rumble Fdter 
S35 Ell 170 60 watt audo amplifier module 
S36 Eli 4000 Series 60 watt stereo amphher 
537 Eli 451 Hum Filler lor 111-Fi systems 
S38 E A Stereo Infrared Remote Smtch 
S39 Ell 455 Stereo loudspeaker Protector* 
S40 E A Super- Bass filter 
512 E A Stylus Toner 
S43 Eli 3000 Serres Amphher 25 w ch 
S44 Ell 477 Mostet power amp module rnc brackets 
545 Ell 457 Scratchflumble filter 
516 Ell 458 VU Level Meter 
547 Eli 479 (Magog Adaptor 
548 Eli 5000 Senes Power Amphfor 
549 Ell 494 Loudspeaker Protector 
S50 EA Infrared TV Sound Control 
S51 HE 121 Scratch & inss Pier 
S52 EA 100W Sub Woofer Module 
S53 EA Stereo SI«late 
S54 EA Headphone Amp 
S55 AEM 6500 60W Utley Amp Module 
S56 AEM 6500 100W Utility Amp Module 
S57 Ell 1405 Stereo Enhancer 
558 Eli 412 Master Flay Stereo 
S59 EA Led Bar Graph Dreelay (Stereo) 
S60 EA AM Stereo Decoder 
S61 EA 1 Watt UbIrty Amp 
S62 Eli 453 General Purpose Arno 
S63 EA Bridge MEAN 
S64 AEM 6503 Mtfre Cross-Over 

STAGE 
Sil Eli 592 LIght Show Controller (3 ch 1 ( 1000 w chi 
ST2 ET I 593 Colour Sequence, (tor use with ETI 5921 

ST4 E A Light Chaser 3 channel 
SIS E A Two Tremolo for Organs Stage Amps 
ST7 Ell 499 150 w Moslet PA Module 
ST8 Ell 498.499 150 w Publn Address Amalie, 
ST9 E A Aluseolor IV 
ST10 EA Musnoloor Ill 
ST12 ETI 287 LED Lnht Chaser 

PRE-AAIPLIRER AND MIXERS 
PI Ell 445 Stereo Pre-amen, 
P2 Ell 449 Balance Mc Pre-amDldrer 
P6 Ell 419 Mixer Pre-armlike, — 4Ch or 2Ch 
Pll Ell 446 Apollo brute, 
P12 Ell 471 hip Perlormanet Stern:, Pre-ampbber 

P13 Ell 473 MovIng Coll Cartndge Pre-Amp 
P14 Eli 474 élrgh to low lmpedence Interlace 
P15 ETI 467 4 Input Garlar kin Pre-amp suds Ell 466 
P16 E A Moeng Cod PreiAmplrfier ( Battery) 
P17 E A Mown Cori PreiAmplrfier ( Plug paCkl 
P18 Ell 478 MIA MovIng Magnet Pre-amp ( Serres 50001 
P19 ETI 478MC AlovIng Cori Pre-amp ( Serres 50001 
P20 ETI 478 Series 5000 Pre-Arnelfier 
P21 E A Vocal Camelot 
P22 Ell 461 Balanced Preamphher 
P23 HE 112 Mrcrommer 
P24 EA Effects Unit 
P25 Eli 1404 4-Cnannel Muer 
P26 ETI 588 Theaffroal LIgntIng Controller 

GUITAR UNITS 
GI Eli 447 Aide Phaser 
614 Eli 452 Guitar Prachce Arnphher 
G15 Ell 466 300 wan Arne module 
016 Ell 451 Fuzz Susten 
617 HE 102 Gully Phase, 
618 ETI 450A Bucket Bngale 
G19 ETI 450E1 Mixer lor above 
620 E A polar Pre•ampleer 
621 Sows ME? Sous ME2 Wan Wan Pedal- less pedal 
622 EA Effects Und 
623 Eli 1110 Bass Ourlai Amp I150VO 

AUDIO TEST UNITS 
Alt Ell 441 Audio Horse Generator 
AT? ET' 128 Auer, Morvolt Meter 

617 Ell 137 Audo °Senator 
AT9 HE 105 Bench Arnonter 
ATIO E A Auclo Test Und 
AT11 E A Funcnon Generator 
All? ETI 464 Audro Test Und 

TIMERS 
T1 ETI 650 STAC Tuner 
T2 Eli 564 Diode Wall Clock 

14 Eli 540 Unwersal Ibmer 
TSEt1 265 Power Down 

16 EA 4 Cbgd L C X Clock or Control Timer 

COMMUNICATION EQUIPMENT 
CEI Eli 711 Remote Control Transmrtter Sketch 
CE? Ell 711R Remote Control Recorrer 
CE3 Ell 7110 Rernote Control Decoder 
CE4 Ell 7118 Single Control 
CES Double Control 
CE6 Ell 711P Power Supply 
CE9 Ell 708 Active Antenna 
CEII FYI 780 Moyne Transmeter 
CE12 Eli 703 Mtenna Matching Und 
CE33 ETI 718 Shortwave hado 
CE34 Ell 490 &Me Compressor 
CE35 Ell 721 Aucratt Band Converter ( less %TAU) 
CE37 Ell 475 *de Band A M Tuner 
CE38 E A Masthead Pre-moldier 
CE39 ETI 731 RIP,' Modulator 
CEO ETI 729 UHF TV Masthead Preamp 
CE41 ETI 735 UHF to VHF IV Converter 
CE42 HE 101 AM Tuner 
0143 HE 106 Ratio MicroPhOne 
CE-44 EA RT TY Demodulator 
CE15 E A %truce Operator Relay 
CE46 ETI 733 IITTY Convener for lecrobee 
CE47 FTI 1517 Arden Drstcbutlon Atop 
CE48 EA Vreleo Enhancer 
CESO Eli 1518 Video Enhancer 
CE51 EA VCR Sound Processor 
CE 52 EA Motorcycle Intercom 
CE 53 Ell 1105 Stereo Enhancer 
CE 56 Ell 755 Competer Donen RTTV Transcerver 

METAL DETECTORS 
MD1 Eli 549 Induchon Balance Metal Detector 
MD? Eli 561 Melar Locator 
MD3 Eli 1500 Dncronnahng Mete Locator (wed« 

CaSel 
1.105 Ell 562 Gorger Counter wan ZP 1310 Tube 
MO6 Eli 566 Poe and Cable Locator 
MOT E A Prospector Metal Locator incleng headphones 

TEST EQUIPMENT 
TE2 Eli 133 Phase Meter 

1E9 En 124 Tone Burst Generator 

1E16 ETI 120 toe Probe 
TE17 ETI 121 Loon Pulser 
1E34 Ell 187 Real Tone Audo Analyser 
1635 Eli 483 Sound Level Meter 
1E36 ETI 489 Real Tone Audo Analyser 
1E37 ETI 717 Cross Hatch Generators 
1638 E A 3 Mtn Frequency Counter 
TE39 EA Hp Vottage Insulatron Tester 
1642 EA Transistor Tester Inc' 8Porar & FETS 
1E43 Eli 591 Up Down Pre- seta« Counter 
116E444 Eli 550 (nodal Mal ( less case includes Ell 591 

6 E TI 148 Versahle Logn Probe 
TE47 III 724 Microwave Oven Leak Detector 
TF48 Eli 150 Srmple Analog Frequency Meter 

TE5I E A Metal Capacdance Meter 
1E52 ETI 589 Deal Temp Meter 
TE53 EA TV CRO Adaptor 
1E54 E A XTAL Locked Pattern Generator 
1E55 E A Decade Reestance Sub Box 
1E56 E A Capacitance Sub Box 
1E57 E A Decade Capacdance Sub Box 
1E58 E A Tantalum Capacdance Sub Box 

1E60 ET1 572 PH Meter 
TE61 Eli 135 Panel Meter 
1E63 HE 103 Tranentor Tester 
1E64 HE Ill Ohm meter 
1E65 ETI 157 Crystal Marker 
1E66 ETI 161 Deal Panel Meter 
1E67 ETI 255 Analog Thermometer 
TE68 EA Transrstor Tester 
1669 III 175 20 MHz DI Frequency Meter Hano bent 
1E70 ETI 166 function Pulse Generator 
11 72 MM 5505 Hash Horner 
TE 73 EA Event Counter 
TE 74 Ell 183 OP-Amp Tester 
TEN ETI 572 Deal pH Meter 

MODEL TRAIN UNITS ( see also "SOUND EFFECTS") 
.rarn  MT1 Ell 541 Model 1  Control 

MT? E A 197.: tame( r(a(n Control 
MT3 EA Radmaster — Inclueng Remote 

SOUND EFFECTS 
SE I E A Sound Effects Generator • 

5E3 E A Cylon Vorce 
SEA E A Steam Whlstle 
5E5 EH 607 Sound Efrects 
SE6 E A 492 Audro Soumi Bender 
SE7 E A Electron Sea Shell Sound Effects 
5E8 ETI 469A PercuSsron Synthesner 
SE9 Ell 469B Sequencer for Synthesner 
SE I 0 EA Effects Und 
' set as tor Steam Tram and Prop Plane none 

VOLTAGE/CURRENT CONTROLS 
VI ETI 481 12 ell to t 40v 0 C 100 watt Inverter 
V2 ETI 525 DOI Speed Controller 
V6 E A 1976 Speed Control 
V10 E A Zero-voltage smtchog heat controller 
VII E A Inverter 12v OC Input 230v 50 lu 3130VA output 
V12 Eli 1505 Flourescent Ugh! Inverter 
V13 EA Electno Fence 
V14 Ell 1506 Xenon Push Bike Flasher 
V15 Eli 1509 DC-DC Inverter 
V16 Eli 1512 Electric Fence Tester 
1117 EA Fluro lIght Starter 

V19 66128 Need Charger 
V20 ETI 578 Semple Need Charger 
931 EA Heat Controller 
922 Ell 563 Fast 10-Cad Charger 
523 EA High Voltage insultaban Tester 
V24 EA Eleclnc Fence Controller 
525 Eli 1532 Temp Control For Soldenng Irons 

WARNING SYSTEMS 
WS1 ETI 583 Gas Alarm 
WS3 Eli 528 Home Burglar Alarm 
WS4 Eli 702 Radar Intruder Alarm 
WS7 Ell 313 Car Alarm 
WS12 ETI 582 House Alarm 
WSI4 E A 1976 Car Alarm 
WSI5 E A 10 Ghz Radar Alarm 
WS16 E A belt Beam Relay 
WS17 ETI 247 SO Monture Indicator 
wste ETI 250 Son« House Alarm 
WS19 Ell 570 Infrared Tro Relay 
WS20 Ell 585 I&R Ultrasomc Sketch 
WS21 Eli 330 Car Alarm 
WS?? Ell 322 Over Rev Car Alarm Ind case 
WS24 ET1 1506 Xenon Bike Flasher 
WS25 ETI 340 Car Alarm 
WS26 EA Deluxe Car Alarm 
W527 EA Ultrasonn Movement Detector 
WS28 Eli 278 Odechonal Door Minder 
WS 29 EA Murhsector Home Security System 
WS30 EA Intra.Red Light Beam Rely 
WS31 EA Deluxe Car Alarm 
WS32 EA Doorway Under 
WS33 EA " Screecher" Car Alarm 
WS34 Eli 1527 1 Sector Burglar Alarm 

PHOTOGRAPHIC 
PHI ( II 586 Shutter Speed inner 
P113 Eli 5148 Sound Ugh! Flash trigger 
PH4 ETI 532 Photo Toner 
PH? ETI 513 Tape Sine Synchronizer 
P1112 EA Sync-a-Side 
PHIS ETI 553 Tape Slott Syncifronner 
PH16 E A Owe Photo Timer 
P1117 111 594 Development Timer 
PH19 F A Sound Inggered Photoflash 
PH20 HE 109 Extra Flash Trigger 
PH21 E A Pholograproc Tone 
P1122 Ell 182 Lux Meter 
R123 Ell 1521 Digital EN Exposure Meter 
P1124 Ell 279 Exposure Meter 

POWER SUPPLIES 
PSI Eli 132 Experimenters Power Supply 
PS? ETI 581 Dual Power Supply 
PS3 En 712 CO Power Supply 
PS4 E i 131 Power Supply 
PS9 E A 1976 Regulated Power Supply 
Nil EA C8 Power Supply 
PSI? Eli 142 Power Supply O-3000-15 A Ifulho 

protected} 
PS13 Ell 472 Power Supply 
P515 ETI 577 Dual 12V supply 
Ps16 E A Power Saver 
Ps17 ETI 480 N Power Supply tor EH 480 ( IOC wan 

Arno 
ps18 E A Bench Male UtrIrty Amtnner Power Supply 
pszo En 163 0-40 V 0-5 A 
P521 EA Dual Track(ng Power Supply 
PS22 Eli 162 1 3-30 Volt. Fully Adoestable 
PS23 Ell 251 OP-MAP Power Supply 

COMPUTER ANO DIGITAL UNITS 
CI Ell 633 Vide° Synch Board' 
C2 Eli 632M Pan 1 Memory Board V D U • 
C3 Ell 632P Part I Power Supply 000 ' 
04 En 632A Part 2 Control Logic VDA • 
C5 E TI 6328 Pan 2 Control Loec VDA • 
C6 Ell 632C Pan 2 Character Generator V D U • 
CO Eli 632 UARI Board' 
C9 Ell 631-2 Keyboard Encoder• 
CIO 611831 & SC Keyboard Encoder 
C14 EH 638 EprOm Programmer 
C15 ETI 637 Cuts Cassette Interlace 
016 Ell 651 libney to He. Number Converter 

017 Eli 730 Getting Going on Rade Tee Type 
034 Ell 760 \rodeo OF Modulator 

C25 E A (prom Programmer 
ETI 668 Mcobee EProm %Irvine, 

C27 Ell 733 RITE Computer Decoder 
C28 EA Voleo Amp for Computers 
C29 Eli 649 lecrobee Ugh! Pm 
C30E71675 Microbee Senal — Parallel Interlace 
031 Ell 688 Programmer tor Fusible — LlnA Boole 
p.,,  

032 Ell 676 RS232 for Mnrobee 
• all V D U protects coxed less connectors 
033 Elf 678 Rom Fleeter Foe Microbes 
C34 ET1 659 VIC 20 Cassette Interface 
035 Eli 6e3 Mindreaster — Human Computer Link 
036 EA Eprom Copier/Programmer 
037 Elf 699 300 Band Direct-Connect Modern 
C38 AEM 1500 Listening Post 
039 MM 4603 Dual Spied Modern 
C40 ET1 1601 RS 232 For Commodore 
041 ADA 4504 Speech Synthesizer 
Ca? III 181 Breakout Box 
RIO FEEDBACK 
BF1 Ell 546 G S R Monde ( less probes) 
8F2 Ell 544 Heart Rate Monde 
8F3 Ell 576 Electromyogram 

AUTOMOTIVE UNITS 
Al ETI 317 Rev Monde 
62 ETI 081 Tachometer 
83 ETI 316 Tranestor Assnted Ignition 
Ad ETI 240 ingh Power Emergency Flasher 
A6 ETI 312 Electronn Igndron System 
A7 ETI 301 Van-W(0er 
A14 E A Dwell Meter 
e2 ETI 318 Olgdal Car Tachometer 
e3 ETI 319A Varcinper Mk 2 ( no dynamo Brien) 
934 Ell 3198 Vanwiper Mk 2 ( for dynamc bralung) 
425 ETI 555 Light Aerated Tacho 
626 Ell 320 Battery Conetion Indicator 
A27 E A Tranestor Asested Igetion 
620 ETI 324 Two Range Tacho less case 
A29 ET1 328 Led 011 Temp Meter less V D 0 probe 

332; h0 sAluettoFscue0ipeLevel Alarm 

A':332 0 E ET 1 ET11 3 325 Auto Probe Tests Vehicle Electncals 
433 ET1 333 Revereng Alarm 
Al4 E A Low fuel Inelnator 
es Ell 326 Led Edpanded Voltmeter 
A36 ETI 329 Ammeter ( expanded Stale) 
A37 ETI 327 Turn and Hazard 'neat°, 
A38 ETI 159 Expanded Scale Voltmeter 
639 EA Optotlectronn liandron 
A40 ETI 335 Woer Controller 
A41 EA Igmbon KrIler tor Cars 
A42 EA L C D Car Clock 
A44 Eli 317 Autormatn Car Aecal Controller 
A45 ETI 290 Low Batley Volt Indicator 
A46 Eli 322 Over Rev Alarm 
647 Eli 345 Denster Timer • 

ELECTRONIC GAMES 
661 ET1 043 Heads and Tails 
EG2 Ell 068 LED One Coca 
663 E A Electronn Roulette Wheel 
EG4 Eli 557 Reaction Tmer 
EG5 Ell 814 Chnky Do 
EG6 E A Selectaion 
EG7 HE 107 Electronrc One 
668 E A Photon Torpedo 
EG9 HE 123 Alen Invaders 
EGIO EA Roulette Wheel 
EG11 EA Chase-N-Chomp ( Pac Man) 
MISCELLANEOUS KITS 
MI ETI 604 Accentuated Beat Metronome 
MA Eli 547 Telephone Bell Extender 
M7 ETI 044 Two Tone Doorbell 
MIO Eli 539 Touch Sketch 
M25 E A Doyle Metronome 
6437 Ell 249 Combinahon lock ( less lock) 
M46 E A Power Saver or Induction motors 
M48 E A Insaious Pattern Generator 
M53 EH 247 Sod Monture Alarm 
MSS E A Pools lotto Selector 
M56 ETI 256 Humrdrly Meter 
M57 ETI 257 Universal Relay Omar Board 
M58 E A Son« Metronome 
M59 Ell 1501 Neg Ion Generator 
M60 Ell 1516 Sure Stan tor Model Aeroplanes 
M61 ETI 412 Peak Level Onplay 
M62 ETI 1515 Motor Speed Controller 
1463 011 1520 WIdeband Ampere, 
1464 EA Phone Under 

M66 EA SImple L C D Clock 
M67 EA Ultrasone Rule 
M68 AEM 1500 Simple Metronome 
M69 AEM 5501 Negative Ion Generator 
6470 AEM 4501 13-Clunnel Relay 'Menace 
M71 EA Pest ON 
M72 ET1 606 Electronn Tema Fork 
6473 Ell 184 IniCccint Mental IC Tester 

PLUS — A HUGE RANGE 
PLUS MANY, MANY MORE KITS WHICH WE CANNOT LIST HERE!!! OF COMPONENTS 

JUST CONTACT US FOR PRICE & AVAILABILITY. COMPANY & SCHOOL ACCOUNTS AVAILABLE. 
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li 400PIV 3 AMP 
RECTIFIERS 

Cat No 

26-0 115 2191 

100.   I5c ea 

4 & 5 Pin Utilux 
CONNECTORS 
PLUG end SOCKET 
Take your pick.. 

pin Cat 16-8050 
5 pin Cat 16-8051 

51E 

2-I5V OC 
Regu a ed 

3 R POWER 
SUPPLY KIT 

better y charger tiler rris 8. 13 
Idea , for CB car stereo „,29 
R8,111723 ( e9wletor, ell ; at 
parts • instructions 1S40 

Was $3950 Negative ION 
29.5o Generator kit 

(Based on AEM5501 Sept 1985) 
A deluxe version of this most 

popular kit with HIGH/LOW output 

switch, higher voltage ( -9500v) 

extra ion emitter, professional 

cabinet and Ion emitter tester. 

Users claim e greater feeling 

of well being and relaxation. 

Cleans air of tobecce smoke and 

bacteria; increase concentration. 

Ful instructions are included 

Electron C, Au trail& s DIG TAL 

E  :7 .10 NLOCKeIp.C.;,;;;;;..4.,  pu T 

The modern foolproof combination lock 
with easily changed 
occes3 Code and endless 
applications Cat 1 1 - 1542 
I 2V elect. lock release 14 4090 S39.90 

COMPUTER PR NI ER 

PRPER 
itxe.5 - tee 

letter heeds wiu1 
11x9.5 - eeee 

SAVE NOW, bl ue-lined $43 

Usually about 11x15 -
$413 -$64 each blue- lined s9Z 

2732 or EPROM 
2732R 250nS 
32K 4Kx8 

$5.95 
Cat 35-8142 
lO• 55.50ee 
50. 54.95.3 

BEST 
OUALITY 

41256 
Big name manufacturers! 

41256-15 (lsons) $ 5.so 
tech $ 7.50 Qty 100 55.50ee Qty 10e 

41256-12 (120nS) $ 6,90 
Each $ 8.50 Ob y 100 56.20 ee Oty 10. 

600/6000 LINE 
TRANSFORMERS 
per,-,,,,1 fro m sew egy , prnent PCBs. 
never used) 

1-9 

$3.95E. 
0. Cat 20-1005 % pp. 

$3.50ea $ 2.95ea 

ASSORTED 

18-5001 

20 MIXED VALUES $5 
Lin.., Ivy. vurolinic. Cut 8-5002 

100 MIXED VALUES $20 
Dual, switched an new Cat 18-5003 

250 MIXED VALUES $35 

Cat No 11-1550 

Built & san 
Tested -17.50 
Cat No 11-1551 

COMPUTER GRADE CAPS 
N I ommour 10‘, 18-350 , S 6.00 
E 1 20,0000 15v 18•3502 S 7.50 
W 6,8000 1 6v 19-3503 $ .4.00 

10,0000 I 6v 19-350a $ 6.00 
68,0000 16v irc 3505 S 9.50 
22,0000 25v 18-3506 S 9.00 
33,0000 25v 18-3507 112.00 
4 7000 40v 18-3506 S 6.00 

Fuji 
3 5-

1.111 
FLOPPY 
DISKS 

Fuji 3.5" 
BEST QUALITY DISK 
Boxes of Ten only 

SSDD 5 49 
re op Cat 50-1020 

0500  59 
Mr 200 Cat 50-1022 

DSHD $ 135 
Mr2H0 Cat 50-1023 

COMPUTER ADO-ON BARGAINS' 
Micron- Eye image digitizer $ 395 
for Commodore 64 etc ( new, was $ 595) 
Commodore 64 power supply 39 
Commodore Vic20/64 parallel $115 
printer interface ( new, wee $ 199 00) 

Commodore Vic20/64 30CPS 5245 
dot matrix printer with graphics (new) 
Mtcrofezer by Cluadram ( USA) 51 50 
64K 85232 eerie; printer buffer (e/h) 
Microfazer 64K Centronics 51 50 
printer buffer ( s/h) 

DB 10 ( Jipen) 64K printer $ 295 
buffer with copy function ( new, $ 450) 

MODEMS, WITH PHONE HANDSETS (3/h) 

Cicada 300 beud modem 511 0 
Sendete 300 • 1200/75 baud $ 255 
Microbee 300 baud Beemodem 3150 

anunn Stereo Radio 
Headphones 

$13 

by Toshiba/EMI 

Working OK 100% 
but damned ( broken) 

plastic headbands 
Ideal to repair or rebuild' 

pr Original price $ 69 95 

Ferguson Tronsformers 

9Vdc 200mR 
plug-pack 
SCOOP BUY' 
240V AC input Cet 

9V DC 200mA Out 02-2046 

$13.50 Save $ 6 7.au 
Usually around ,„ ea 

IBM COMPATIBLE CARDS 
Take 202 OFF these prices 
which already may be the lowest 

XT Motherboard 4.77M112 $ 2 35 
expandible to 640K, add 41256s x 18 

XT Turbo Motherboard 4.77 5 289 
pills 8MHz, to 640K, add 41256s x le 

Multi I/O plus 2 disk controller $ 1 99 
card with serial • parallel ports. 

Twin 360K disk drive cards 69 
Colour graphics card PCB or $ 180 
monochrome ( 640 x 200 Clots) output 

NEC 20MHz hard disk drive $ 795 
plus controller card. 

Serial to perellel converter, lead $ 150 

DB25 to Centronics printer leed 24 
All new wIth full warranty Limited ¡sty 

Rum comm. 
PRDEL 

$129 
Cot 01-0939 
Ideal for home, shop. office N 0/N C 
instant and delay, complete with I 2V 
rechergeeble batterie,. WAS $ 199 

ELECTRODIC 

SIREN 
Ideal for internal car 
or home alarm siren. Wan $ 1 8, now 
Mini size 90mm diem. 
Warbler sound effect. 2 el Input 1 2Vdt 300mA. .., eo 
Output 91308 et 1 m. Cat 03- 201 3 

Complete 

RLF111111 
SYSTEM 
Covers doors and 
windoys etc nod 
infra red detector if needed. 
Includes digital keypad e $ 
control module witti 4 Cet No 
reed switches and siren. 01 - 0920 
Programable entr deloyp, y reed 
Cosy nstol wiring supplied bail. open 

EXTRA SIREN AVAIL. SIS 
Plugs into exiptiny module 01 (1921 

ACCESSORY KIT SI l 
ratio reed swill les ( et I 092,. 

INFRA- RED DETECTOR $ 119 
Requires I 200c power Let 0 I 530a 
source al 75mA e.g. rechargeable bet. 

SYNCHRONOUS 

MOTORS 
With gearbon 

3 models-
Cet 

6 RPM 74-10010 RPH24-1010 9 a .50 1  

INNOURTILIE Watt -MOUNTING 

PANEL SPEAKERS 
Thin flat- panel styrene 
loom wall speakers ( 80 
15W 360x280x52mm) 
styled as a print or use 
your own photo/painting 
Frey . 90 - 1700014e ware 

$49 , S25 each 

STEREO HERDPHODES 
FOR DIGITAL COMPACT DISC 

The difference in base, treble and pound 
dynamics is emezing , Clean and crisp 
with outstanding clarity yet lightweight 
1/0 volume controls, 20- 20KHz resp, 
100d8 at I KHz sensitivity, normally 

POP $ 44.95, below cost at $20 pr 

Miniature 
Side-Cutting 

[grli0 Were $17.45 
High quality,115mm 
insulated handles, best for pa to 
electronics assembly etc. Ce 

SCOOP PURCHASE! 20-2320 

SOLDERMG TOOL 
KIT 
Includes e'   " 
heetsi nk, 
reamer, 
'Groper, 
brush, Wes $7.95 Save $3 
tweezers end Cat 
screwdriver. 20-2456 )-z.un BETA 

Economy 

ALARM   
Control , b n Module innstualnItt 

20 sec exit delay end 
$18 reset 3 mins on- off 

Cpt el - 0446 switch 1 2 V tit 2111A 

• 

VIDEO 
CASSETTE 

HEAD CLEANER 

VHS 04 Cril Were 512.50 

04.11 49 SEEA 

OR Nov only 
Cat 

3.5mm mono 
SOCKETS 
These normally sell 
for 40 cents' But 
now you con buy 
them for - 

I- 1 9 1 OC ea Cat 19-8000 

20- 9 9 Bee. 1130•  SC ce 

FRI1S 
5" 220V AC 
All t est (1K 

Cet No 06- I IOC) 

s l 0 ere EX- COMPUTER 

24-12Vdc COOVERTERS 
Ideal for trucks, buses etc.Input 24Ydc 
Output 13.8Ydc, 2 models 

4A Output 
(5.54 moo) 
Cot 24-1050 $ 69 
10A Output 
(124 
Cat 24-1055Yiva 

ULTRRSODIC 
DETECTOR oNLY41, ,„, 
FOR CAR ALARMS Cat 1  

lise with most alarm), detects movement 
inside the vehicle relay N.0./N.C. 1 294C 

New DIGITAL 
REMOTE 
SWITCH 

kRadio control 
,,, single trans 

Cat 01-0970  and receiver 
progremmable code, 
range 1 2 - 15 metre). s89 

HI-FI STEREO 
TIURNIA121_ES 

SCOOP PURCHASE! 

Fully Automatic model, 833 
rim/direct drive 
BSR replacement) Cet 03-2057 
As mode for AWA. 2 speed 33/ 45 PPM 
ceramic cartridge, 12v DC operation. 

240V AC plug- pack $ 7.50 All new , 

PARTS VALUE PRKS 
• Lucky Dip Assortments 

500 0.5w resisters 
200 .1v resiators 
100.. ceremic caps 
30  ireencaps 
45 ... electralytics 
20 . potentiemeters 
25 ... preset pots 
30  mice caps 
40 rodee/TV knobs 
15 various fuses 

25 . rf chokes 
20 .. rf/il/osc coils 

EACH 10 audio transform 
PAK 50 .tagstrips 

250 0.25v, 0.5v, Iv resistors 

15 PAKS TO CHOOSE FROM 

NEW 

FFII1S 
High Quality 

from C I C CO 
Taiwan Ltd 

10-49 $ 16 ea 

20 50-99 $ 14 ea 8 EA 
100. $ 12 e0 Buy Now , 

3 ( 80mm) I I 5V AC Cat 06- 1019 
3 ( 80mrn) 240V AC Cet 06- 1020 
5 ( 120mm) 1 15V AC Cet 06- 1029 
5 ( 120mm) 240V AC Cat 06- 1030 

Finger Guards now oval lablei 
3 ( 80mr0 SI SO ee Cat 06- 1022 
5" ( 1 20mm) $ 1 50 ea Cal 06-1032 

I2V ROTFITMG 
FLASH LAMP 

Motor- driven reflecting 
mirror flashes up to 

150/mi nuts, orange or 
blue lens, waterproof, 

for tov trucks, Yarning 
light etc. I re, DC IA 

Cat 01-5315 

e4 DIGITAL REMOTE 
CODTROL 

$11.19 

Wireless trens/rec 
remote switch 

•.v. 2k 1 0 Amp out-
puts to lock/unlock cor 

central locking systems. 
Programmable code. 1 2Vdc. 

Cet 0 I - 0972 LED indic 

WROTE]] TO BUY. SELL 
or EXCHRUGE 

ORIGINAL Software for 

Macintosh, Apple II and 

10M computers 
un.anted Grove- , t 

!•• genuine 
-Yriusis and in gssel COndItt, 

To suit BSR type 
turntables, how 
about this new 

- MOTORIZED 

SLIDE-In 
Glides iñand out TURIITFIBLE 
at the touch of e 
button) 240V AC and DRAWER 
includes 1 2V suPPIN 
Cat C13 7058 Was 560 Now S40 

Offer 

al:eerie s 13 
1,-‘,1 

S 15 eluck nwnt. r An int .... ru-j 
,011,tion nf samples, IniOflijm,C,jrrr 
over one end rice • Incl. ,C.,. pots, 

I. rr Ds, 
a• 1L. ,es P1,1 , It jm,tr.o. jcelui ¡ yid, 

8,000uF 7 5vw 

•,..F.. 
'rby;ir. 

POLY I I CS 
\cu., top quality 3-Inut 

Wain It EISmm tilyti 0 

Cat no 
III 3500 ea $ 0 

10. ea $ 7.20 

PUSH-BUTTON 

DIGITAL 
TELEPHONE 
DIALLERS 

number 
mernor 

with t 1 
last Q 

Cat 24- 3070 
re- dial EACH Easily installed. 
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SOLDERING HANDBOOK FOR PRINTED 
CIRCUITS AND SURFACE MOUNTING by 
Howard H. Manko. Van Nostrand Reinhold, 
1986. Hard covers, 430 pages 234 mm x 
155 mm. ISBN 0442-26423-2. Priced at 
$110.00. Review copy from Nelson 
Wadsworth, 480 La Trobe Street, 
Melbourne 3001, Vic. 

Written as a reference text with the produc-
tion engineer in mind, this book covers in 
depth all aspects of the design, assembly, sol-
dering, repair and inspection of printed cir-
cuits in the industrial arena. 
This is not a book intended for the indi-

vidual or technician working with printed 
circuit boards. It is a complex and 
specialised text written by a person who has 
a great deal of experience with the large scale 
manufacture of electronic equipment 
employing printed circuit technology. 
Although some parts of the book may be of 
general interest to those working in various 
aspects of the electronics industry, much of 
the text and many of the terms used would be 
beyond the casual reader or those not 
involved in the manufacturing process. 

Particular emphasis is placed on the spe-
cial techniques required for the production 
of boards using surface mount technology, 
making the book not only useful as a refer-
ence text for current practices, but introduc-
ing those changes necessary to adapt to 
newer technologies. 
The book is organised in a logical manner, 

commencing at the design stage with the first 
chapter titled "Design for good soldering and 
cleaning." Progressing through the whole 
manufacturing process, subsequent chapters 
include: storage, kitting, assembly and other 
pre-solder operations, soldering and clean-
ing materials, the soldering process and the 
equipment, surface mount soldering technol-
ogy and the cleaning process and equipment. 
The important subjects of troubleshooting 

the printed circuit, quality and inspection 
and touchup and repair are covered in chap-
ters 7, 8 and 9. The final chapter gives some 
indication of the intended audience for this 
book and is titled " process economy and 
managing the line". 

As well as a complete index at the end of 
the book, each chapter is broken down into 
numerous sub-headings in the list of con-
tents making it easy for the reader to quickly 
find information on a wanted topic. 
The book will almost certainly find a place 

in the technical library of many manufactur-
ing organisations and I have no doubt that it 
will contain information of use in even the 
most sophisticated plant. For less sophisti-
cated facilities, there is a wealth of informa-
tion to help improve quality and efficiency 
and to assist in choosing the correct equip-
ment, materials and techniques. 
As we are not involved in the manufactur-

ing process, we are sending our review copy 
to Bob Barnes of RCS Radio as a gesture of 
goodwill. 

— Andrew Keir 

SEMICONDUCTOR POWER ELECTRONICS 
by Richard G. Hoft. Van Nostrand Reinhold 
1986. Hard covers, 324 pages 228 mm x 
150 mm. ISBN 0-442-22543-1. $105.00 rrp. 
Review copy from Nelson Wadsworth, 480 
La Trobe Street, Melbourne 3000 Vic. 

As well as a guide for advanced electrical 
engineering students, this book is intended 
as a reference for engineers responsible for 
power electronics circuit analysis, design 
and development. 
The book covers both transistor and 

thyristor circuits for power electronics sys-
tems and includes introductory material on 
devices, magnetics, current circuit applica-
tions and circuit concepts relevant in mod-
ern design. 
Although the book contains a good 

number of circuit diagrams and much prac-
tical information, the main thrust of the text 
lies in the analysis of the various circuits 
and concepts involved. Because this book is 
intended to convey the theory behind the 
designs, it is highly mathematical in it's 
approach to the subject. For the student or 
engineer this would present no problem, but 
the casual reader without a good 
background in mathematics, particularly 
calculus, would find the book very heavy 
going. 

Following the introductory chapter, the 
book covers aspects of diodes and power 
transistors, thyristors, circuit and compo-
nent concepts, transistor switching reg-
ulators and transistor inverters. Subsequent 
chapters deal with phase-controlled 
rectifiers and line commutated inverters, 
cycloconverters, ac phase control, thyristor 
choppers and self-commutated thyristor 
inverters. 
There are four appendices covering gen-

eral device parameters as well as applica-
tion data for a range of specific power 
semiconductor devices. 
No doubt this book will prove a valuable 

addition to university bookshelves and the 
technical libraries of those involved in the 
design of high power semiconductor cir-
cuits. A good text book, but very specialised 
and not for the casual reader. 

Andrew Keir 
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semiconductor scene 

George Brown secures Samsung 
The giant Korean industrial company Samsung Semiconduc-
tor and Telecommunications has appointed the George 
Brown Group as their Australian distributor for semiconduc-
tor products. 
The Korean-based company has become increasingly suc-

cessful as a supplier of high quality memory products, we're 
told, and is now emerging as a major force in the world mar-
ket. 
George Browns say they will initially focus on the Sam-

sung range of RAM product, covering the 64K, 256K and 1M 
families. Good news is, this announcement is not just a "sig-
nal of intention" — George Browns say they have stocks on the 
shelf. Contact your nearest George Brown Group office: Syd-
ney (02)519 5855, Melbourne (03)878 8111, Adelaide (08)212 
3111, Canberra (062)80 4355, Newcastle (049)69 6399 or 
Perth (09)362 1044. 

First monolithic programmable gain 
amplifier 
A new monolithic software programmable gain amplifier 
(SPGA) from Analog Devices, features an on-chip amplifier, a 
resistor network and TTL compatible input latches, making 
it the industry's first complete device of its kind. 
The AD526 SPGA allows users to digitally select binary 

gains of 1, 2, 4, 8 and 16, which are necessary for precision 
data aquisition applications. Gains of 32, 64 and 128 are 
implemented by cascading tow AD526s, with no additional 
components required. Previously, designers needing prog-
rammable gains relied on in-house solutions or hybrid 
devices, both of which occupy more space and are more 
costly. 
The AD526 provides the required precision for floating-

point analogue-to-digital conversion and the "gain code" 
simplifies setting the exponent. When used in conjunction 
with a 12-bit A/D converter, the AD526 extends dynamic 
range from 72 to 96 dB. Additional uses include gain-ranging 
pre-amplification, such as audio, where input or output gain 
is required. 
Key dc performance specifications include guaranteed 

maximum gain error of 0.01% for gains of 1, 2 and 4 and 
0.02% for gains of 8 and 16. Over temperature and all gains 
maximum non-linearity is guaranteed at 0.01% of full scale. 
The FET input stage yields a maximum 150 picoamp input 
bias current and settling time is guaranteed at 4 mic-
roseconds to 0.01% with a slew rate of 4 V/microsecond at 
low gains and 18 V/microsecond at high gains. 
The AD526 is available in a 16-pin 0.3 inch wide, side-

brazed ceramic DIP and operates from a + 11 15 V supply. 

Operation is specified over two temperature ranges: —40 to 
+85 degrees Celsius for the AD, BD and CD grades and —55 to 
+125 degrees Celsius for the SD and military SD/883B ver-
sions. 

For further information, contact : Parameters Pty Ltd in 
Sydney on (02)888 8777, Melbourne (03)575 0222 or Perth 
(09) 242 2000. 

Advice on saving power with CMOS 
CMOS devices offer a designer many desirable features, the 
most important being low power consumption. However, in 
some systems, a designer will find that even the low power 
consumption of CMOS is insufficient to meet power supply 
constraints. Some designers will therefore utilize partial sys-
tem power-down or multiple Vcc supplies to meet their sys-
tem power requirements. 
Whenever a system incorporates the use of multiple Vcc 

supplies or partial power-down, the designer must take into 
account several important device parameters if he is using 
High-Speed CMOS (HC) or Advanced CMOS (ACL) devices. 
This is necessary to avoid excessive power dissipation and 
prevent damage to a device that could lead to a degradation 
in its reliability. 
The information booklet from Texas Instruments titled 

"Partial System Power-Down with.CMOS Devices" explains 
those parameters which need to be considered as well as 
detailing methods which can be used to overcome problems. 
The diagram shows an example of a simple solution to the 

protection of driving and receiving devices during partial 
power-down. This method uses current limiting resistors, the 
value of which is chosen to limit the the current into the 
receiving device to less than 20 mA. The major disadvantages 
of this method are power dissipation and the effect on the 
input transition time at the receiving device during normal 
operation. 

VCC 5 v 

RESIS I OR CI. RREN1 LIND 11NC 

VCC 5 v 

34  

VCC - 0 V 

(h) RESISTOR-DIODE CURRENT LIMITING 

A second method of current limiting shown in the diagram 
involves the use of a pull-up resistor and a diode. The advan-
tage of this method is that it allows the use of a higher value 
resistor, thus limiting power dissipation. 

Several other schemes are discussed in the TI booklet, not 
only for partial power-down situations, but multiple Vcc sys-
tems as well. 

Further information is available by writing on your com-
pany or departmental letterhead to Texas Instruments, 6 
Talavera Road, North Ryde 2113 NSW. 
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TOP 
GUN! 
Arecent survey of cordless 

soldering irons in a leading 
US science magazine gave "top 
marks" to Australian iron 
manufacturer, Scope 
Laboratories', Model 060. In the 
survey of eight cordless irons 
available in the United States, 
seven powered by rechargeable 
nickel-cadmium batteries and 
one butane-burning type, Scope's 
060 proved to have the highest 
wattage rating and the highest 
heat capacity of the irons 
surveyed. 
The article's author said that, 

when it came to heating large 
areas of metal and melting fat 
solders, the Scope "outclassed the 
competition." The other irons 
surveyed, with the exception of 
the butane-burning model, 
ranged in power from nine to 25 
watts. These were found to work 
best with solders of 0.052-inch 
diameter or less, while the Scope 
handled solder of 0.125-inch 

(one-eighth inch, or 3 mm) 
diameter. 
The Scope 060 is a gun-type 

iron. It employs the same 
technology as the popular Scope 
Super-Scope and Mini-Scope 
irons. A small carbon plug is 
carried on the end of an 
insulated, spring-loaded stem. 
The stem is moved by a lever on 
the handle so that the carbon 
plug contacts the rear of the 
screw-in copper tip. Current from 
a low voltage source passes 
through the stem, carbon plug 
and barrel. Heat is generated 
from the contact resistance and 
this heats the iron tip, 
temperature control and heating 

capacity being achieved by 
operating the lever as required. 
Rechargeable batteries are 
carried in the handle of the 060 
and a squeeze "trigger" operates 
the stem inside the barrel. 
The 060 cordless iron is ideal 

for applications where soldering 
away from power sources is 
necessary, where safety is a 
consideration requiring isolation 
of the iron, or where leakage 
from a conventional iron may 
bring the risk of damage to 
sensitive solid-state components. 
It has found particular favour 
with service personnel in the 
aviation industry where it is used 
for servicing aircraft on the 
tarmac. 
The 060 is readily carried in 

toolkits and an accessory leather 
pouch is available allowing it to 
be carried on your belt. It comes 
with five tips and a 12 V charger 
for it is available. 

If you'd like to receive a copy 
of the survey, write to Scope 
Laboratories, PO Box 63, 
Niddrie 3042 Vic. 

SCOPE 
LABORATORIES 
.CO•K.•110.3....ille.iCALPly 0'0 . voCTOR. 

3 WALTON STREET, AIRPORT WEST, MELBOURNE, AUSTRALIA 

MAIL P 0 BOX 63, NIDORIE, 3042 

TELEPHONE 103) 3311614 

TLX AA311318 
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semiconductor scene 

New V.22 modem chip from Fairchild 
The uAV22 1200 bps full duplex modem IC is fabricated in 
Fairchild's advanced Double-Poly Silicon gate CMOS pro-
cess. The monolithic IC performs all the signal processing 
functions required of a CCITT V.22 compatible modem. 
Handshaking protocols, dialling control and mode control 
functions can be handled by a general purpose single chip 
microprocessor. 
The modem chip performs the modulation, demodulation, 

filtering and certain control and self-test functions required 
for a CCITT V.22 modem, as well as additional enhance-
ments. Both 550 Hz and 1800 Hz guard tones, notch filters 
and DTMF tone generator are on chip. Switched capacitor fil-
ters provide channel isolation, spectral shaping and fixed 
compromise equalisation. A novel switched capacitor mod-
ulator and a digital coherent demodulator provide 1200 bps 
DPSK operation. 

Additional feature of the uAV22 include call progress tone 
detection for smart dialler applications, pin and function 
compatibility with the uA212A and operation from + 5 and 
—5 V supplies. The on-board oscillator uses a widely availa-
ble 3.6864 MHz crystal. 

For further information, contact your local George Brown 
outlet or the George Brown Group Marketing Division, 456 
Spencer Street, West Melbourne. (03)329 7500. 

A blinking clever chip 
For some reason, the National Semiconductor LM3909 LED 
flasher/oscillator never seems to have gained the popularity 
it deserves, despite having been around for a good few years. 
Perhaps some designers wonder why you would bother to 
use an 8-pin IC just to flash a LED, but a closer look at the 
device will reveal some of the special characteristics which 
make it useful in many applications. 
The most important feature of the chip is it's incredibly low 

power consumption. With the addition of only a single exter-
nal capacitor, the LM3909 will flash a LED for up to one year 
using a standard "C" size torch battery. Imagine some of the 
applications this would allow such, as finding your torch in 
total darkness or locating emergency light switches or fire 
extinguishers in a blackout! 

FANTASTIC FORTH 
TARGET BOARD  

EC 1F12 
64.1a . 

,  ••••• 
APPLICATION: process controllers • remote terminal units 
• robotics • security systems • intelligent computer peripherals 
• printer controller • data-loggers • instrument controllers 
• multi-processing applications. 

Energy Control International Pty Ltd, 26 Boron St. Sumner Park 
Q1c1 4074. Phone ( 6107)376 2955. FAX (6107)376 3286. Telex 

AA43778. 

energy 
CONTROL 

Internal circuit of the LM3909. 

The LM3909 achieves low power consumption by using 
the external timing capacitor for voltage boost. It can supply 
pulses of 2 V or more while operating from a supply of 1.5 V 
or less and has been optimised for low power drain and oper-
ation from weak batteries so that continuous operation 
exceeds that expected from the battery rating. The estimated 
battery life extends from about three months using a standard 
"AA" battery to around 2.6 years using a "D" size alkaline 
cell. 
The flash rate of the LM3909 is, for the main part, control-

led by the value of the external timing capacitor. By using 
lower values, it is possible to configure the chip as a test oscil-
lator or to flash an LED so fast that it appears to be on continu-
ously. The maximum dissipation of the chip is 500 mW and 
as an oscillator, it can drive an 8-ohm speaker directly. 
Timing capacitors will generally be electrolytic or tan-

talum types and a small, 3 V rated part is suitable for any LED 
flasher circuit using a supply of up to 6 V. 

Let's look at some typical applications. 

9e 12-11M 
SPEAKER 

TEST 
PROSES 

Continuity tester. 

This novel continuity checker uses only a minimum of 
external components, yet it is possible to hear the difference 
between short circuits, coils and resistances of only a few 
ohms. 
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Low consumption light. 

Another application shown here provides a pulsed light 
that appears to be on continuously (the "persistence of vis-
ion" effect), supplying short, high current pulses to the LED 
with higher voltage than that available from the battery. 

High performance BiFET op-amp 
A new monolithic op-amp guarantees the industry's fastest 
settling time for a BiFET op-amp, along with outstanding dc 
and dynamic specifications, according to Analog Devices. 
Their newly released AD744 typically settles to 0.01% in 500 
ns and a maximum of 900 ns. 
Along with a tested slew rate of 50 V/microsecond 

minimum, specifications for dc performance are also excel-
lent. The 100%-tested maximum voltage offset of 250 mic-
rovolts and drift of 3 uV per degree Celsius are claimed to be 
approximately half that of competitive products. Systems 
with 14 and 15-bit requirements benefit from this combina-
tion of ac and dc performance. 
The extremely low 0.0003% total harmonic distortion 

(THD) and very low noise make the AD744 suitable for high-
speed applications such as DAC output buffers and cable 
drivers, as well as active filters, wideband preamps and 
demanding audio designs. Noise is tested and guaranteed to 
be below 4 microvolts peak-to-peak over the 0.1 to 10 Hz 
band. Open loop gain is a minimum of 250 V/mV. 

Internal compensation provides stable operation in a 
unity-gain inverting configuration or as a gain of 2 follower, 
with a gain bandwidth product of 13 MHz. Optional external 
compensation increases the gain bandwidth product signific-
antly: a product of greater than 200 MHz with an inverting 
gain of 1000 is typically achieved. The external load compen-
sation also allows driving higher capacitance loads of at least 
2000 pF with a 12.5 V/microsecond slew rate. 
The result of BiFet technology, laser drift trimming and 

ion-implanted JFETs, the AD744 operates from a supply 
range of between ±4.5 V and ± 18 V, with quiescent current of 
3.5 mA typical and 5.0 mA maximum. Packages available 
include hermetic 8-pin CERDIPs and TO-99 cans, as well as 
plastic mini-DIPs. 

For further information, contact the Australian dis-
tributors: Parameters Pty Ltd in Sydney on (02)888 8777, Mel-
bourne (03)575 0222 or Perth (09)242 2000. 
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- Filter Design, from page 31. 

ing windings on all of the inductors e.g: L2 and L4 in circuit 
a). Nonetheless it is good practice to put such windings on all 
filter inductors. Later on you may pull the filter apart and 
want to use the inductors in another filter. If the tuning wind-
ings are already in place, it can save you the trouble of having 
to strip the inductor just to get a single turn winding on it; not 
much fun if you have poured potting compound into the 
inductor. We will assume that you just have an ordinary sig-
nal generator and have put tuning coils on all inductors and 
that you have a suitable meter or CRO. 

For the BP filter of Figure 3.8a, start with all links out. 
Apply the meter to the input terminals and the signal to the 
tuning pins of Ll. Tune Ll for maximum meter reading. 
Insert links 1 and 2 and short-circuit the input terminals. 
Apply the signal to the tuning pins of L2 and the meter to the 
junction of L2 and C2; tune L2 for maximum reading. 
Remove links 1 and 2, apply the signal to the tuning pins of 
L3 and the meter to the top of link 2; tune L3 for maximum 
reading. Insert links 2, 3, and 4, apply the signal to the tuning 
pins of L4 and the meter to the junction of C4 and L4; tune L4 
for maximum reading. Remove links 3 and 4, apply signal to 
the tuning pins on L5 and the meter to the output terminals. 
Tune L5 for maximum reading. Insert all odd numbered 
links, remove all even numbered links and the filter is ready 
for use. 

Since the circuit of Figure 3.8b consists of circuit a) with an 
additional series tuned circuit at the beginning and one less 
parallel tuned circuit at the end, the tuning procedure is simi-
lar to that of circuit a). Link 1 is inserted, the signal applied to 
the tuning pins of Li, the meter to the junction of Ll and Cl, 
and Ll is tuned for maximum reading. Link I is removed and 
L2 tuned in the same way as L2 for circuit a) and so on. 
With circuit c) it is essential that the shunt inductors be as 

close as possible to their design value since they are not sub-

ject to the tuning procedure. The input terminals are short-
circuited, link 1 is inserted, the signal is applied to the tun-
ing pins of Li, the meter to link 1, and Ll is tuned for 
maximum reading. Link 1 is removed, links 2 and 3 installed, 
the signal is applied to the tuning pins of L3, and L3 is tuned 
for maximum reading. Links 2 and 3 are removed, links 4 and 
5 installed and L5 is tuned, and so on. L9 is tuned by insert-
ing only link 8, shorting the output terminals, applying the 
signal to L9, the meter to link 8 and tuning L9 for a 
maximum. All links are inserted and the filter is ready for 
use. 
You would have noticed that only the series inductors are 

altered when tuning this circuit. This is necessary since each 
of the shunt inductors is part of two tuned circuits, so tuning 
one circuit would probably mistune the other. Since the 
series inductors are each only in 1 tuned circuit, they don't 
cause this problem. 
With circuit d) it is essential that all of the capacitors be as 

close to their design values as possible. Link 1 is inserted, the 
signal is applied to the tuning pins of Ll, the meter to the 
input terminals, and Li is tuned for maximum reading. Link 
1 is removed, link 2 installed, and the input terminals short-
circuited. The signal is applied to the tuning pins on L2 and 
the meter to the top of link 1; L2 is tuned for maximum read-
ing. Links 1 and 3 are now installed, the signal applied to the 
tuning pins on L3, the meter to the top of link 2, and L2 tuned 
for maximum reading. Link 3 is removed, links 2 and 4 
inserted and L3 tuned. Link 4 is left in place and L5 is tuned. 
All links are removed and the filter is ready for use. 

Chebychev active filters 
The Sallen and Key circuits of Figures 2.6 and 2.8 can also be 
used to construct active Chebychev filters. The GWBASIC 

Figure 3.11. 

GWBASIC program to calculate the component values for 
Sallen and Key active Chebychev LP and HP filters. The 
equations are derived using the point where the attenuation 
is equal to the ripple amplitude as the cutoff frequency. To 
allow for this, the normalizing factor NF is calculated on line 
210 and inserted into the equations so that the cutoff 
frequency is where the attenuation is 3 dB. 

Since odd-order filters need additional calculations, there are 
lots of IF ODD = 0, statements to skip over these parts of the 
program if the filter order is even. 

To print out the results, change PRINT to LPRINT from line 
460 onwards. 

Lines 40-60 set up the expressions for the display. 
RSW,CSW,RSW1, and CSW1 are switches that control the 
displayed comments if resistors or capacitors are out of 
range. 

Line 70 defines the hyperbolic trigonometric functions and 
their inverses needed in the calculations. 

10 PRINT . Design of" 
20 PRINT . Chebychev active LP & HP filters." 
30 PRINT " Copyright Aquila Holdings Pty Ltd 1987":PRINT 
40 Alf..C1C":A2S."C2(":A3S."C3("sA4$.")." I PI. 
3.14159265411:CSW-0:RSW.0 
30 A8S-"Tuning frequency.",A9f.", O. " IAIOS. 
"RC circuit, 3 dB down at " 
60 B1S- .R1(":82S."R2(":83$."R3("sCSW1.0:RSW1.0 
70 DEF FNSINH(X).(EXP(X)-EXP(-X))/2IDEF FNASINHCX). 

LOG(X.SOR(X.X.1)):DEF FNCOSH(X).(EXPCX).EXP(-X))/2: 
DEF FNACEISH(X).L00(X.SQR(XsX-1)) 
80 PRINT " Would you like to design :" 
90 PRINT " 1. • low pass filter ?" 
100 PRINT " 2. a high pass filter ?" 
110 PRINT " 3. neither, quit." 
120 INPUT "Please enter the appropriate integer...Of 
130 IF ( 0<I OR X>3)THEN 80 
140 IF X.3 THEN 890 
150 INPUT " What is the cutoff frequency t Hz 
IF FC,„w0 THEN 150 

Lines 130-190 contain traps against hitting incorrect keys. 

Line 210 WN is the ratio of passband to stopband 
frequencies. 

Line 220 N is the order of the filter. 

Line 260 calculates some constants needed later, including 
NF 

Lines 340-360 are the heart of the program and calculate the 
normalized (angular frequency 1) components. 

Lines 390-430 solve the cubic equation for the values in the 
circuits of Figure 2.8, needed when the order is odd. 

Line 420 is needed because GWBASIC will not take the cube 
root of a negative number. 

Lines 480-680 the factors convert the normalized values to 
practical units. 

Lines 740-790, 800-830, and 840-870 are subroutines to 
convert the display to convenient units. 
160 INPUT At what frequency t Hz ] in the stopband is the 
attenuation known 7. ,F1,IF Fl<.0 THEN 160 
170 IF((X.1 AND FICFC) OR ( X-2 AND FC<F1))THEN PRINT 
"That frequency is not in the stopband.":130TO 160 
180 INPUT " What is the attenuation I dB I at that frequency 
AMAX:IF AMAX<.3 THEN PRINT"The attenuation in the stopband must 
be more than 3 dB. . 6010 180 
190 INPUT " What is the allowable ripple C de 3 in the 
passband ?", RIPL:IF RIPL<-0 THEN 190 
200 IF RIPL>6 THEN PRINT "That ripple is ridiculous...180TO 190 
210 WN.F1/FC i IF X-2 THEN WN.FC/F1 
220 N.INTCFNACOSH(SORC(10^C.I.AMAX)-1)/(10^(.141RIPL)-1)) 
)/FNACOSH(WN)).1 
230 PRINT " The filter order is " IN,ANGLE.P1/N/2:00D-0, 
IF N MOD 2.1 THEN ODD- 1 
240 IF N>9 THEN PRINT "Sorry, I can only calculate components 
for filters of order less than 10."1130TO 80 
250 IF N.1 THEN PRINT "A filter of order 1 does not require 
• Chebychev filter.":GOTO 80 
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program of Figure 3.11 calculates the values of the necessary 
Rs and Cs for LP and HP filters. In addition it displays the 
tuning frequency and the necessary Q for each circuit block. 
When you run the program you will notice that, particularly 
for high order filters with a large allowable passband ripple, 
the Qs can be quite high. This means that the design is 
becoming susceptible to small changes in component values. 
It also leads to some extreme ratios of component values. For 
example, to get a Q of 20 in Figure 2.6a requires the ratio 
Cl :C2 to be 1600:1. Because this can lead to impractical val-
ues for individual components, the program has various com-
ments built into it that display a warning when the design it 
is producing is likely to be unsatisfactory. You don't have to 
do anything about the Q, the design Rs and Cs take care of 
that; the values are simply displayed to give you a feel for 
whether the design is becoming a bit extreme. 
As with Butterworth filters you have the option of choosing 

the values of the Rs for LP filters and the Cs for HP filters. In 
addition you can multiply the value of all the Rs in any one 
circuit block by a factor provided you divide all the 
capacitors in that block by the same factor, in exactly the 
same way that you could with Butterworth filters. 

Construction of Chebychev active filters 
With Chebychev active filters, it is particularly important to 
build the filter sections in the order in which the program dis-
plays them, with the input going to the first section. With a 
7th order filter it is possible to need a Q of 20, and it would be 
the last section that has this high value of Q. If you put this 
section first, the filter would overload with an input voltage 
of only 0.4 V RMS instead of the 8 V RMS that can normally 
be tolerated with ± 15 volt supplies. 
Because of the high values of Q that are often needed, it is 

essential to use good practice in- the design of the layout of 
the printed circuit board. Each IC must be bypassed as close 
to the supply pins as possible; it is best to put the bypass 
capacitors on the copper side of single-sided board, solder-
ing them directly to the supply pins. For high order designs 
with a large passband ripple, it is a good idea to use two ICs of 
the LF353 type rather than one type LF347, since the layout 
with the two ICs can separate the input and output more 
effectively. 
Do not attempt to build high Q Chebychev filters on strip-

board. They can be built using most versions of solderless 
breadboards if you want to try one out before designing a suit-
able pc board, but you will probably find that you have to use 
several supply line bypasses e.g: 100n (0.1 uF) ceramic plus 
2u2 tantalum plus 100u electrolytic. 

For cutoff frequencies above about 50 kHz, breadboarding 
is not of much use since the capacitance between the inbuilt 
conductors is considerably larger than that of a well designed 
printed circuit board. This means that the resonant frequen-
cies of the various circuits will be wrong and the filter 
response will have funny bumps in it. If you can get the 
bumps out by trimming the values of the Rs or Cs you haven't 
gained much since the trimmed values will not be approp-
riate for the pc board design. 

Chebychev rumble filter 
One place where the sharp cutoff of a Chebychev is essential 
is in the design of filters to remove rumble produced by turnt-
ables or by warped, offcentre or poorly recorded LP discs. 
The best solution is to have both turntable and records that 
are rumble-free, but unfortunately we are not all mil-
lionaires, and the record with the rumble on it is always the 
one with the best performance of that particular piece of t> 

260 EP.SORCIO^(.IrRIPL)-1):Al.FNASINH(1/EP)/N:E.FNSINH(A 1) :NF . 

FNCOSH(FNACOSH(1/EP)/N):W0.2sPIeFC/NF: 
IF 1.1 THEN 270 ELSE W0.2sPIeFCeNF:GOTO 300 
270 INPUT "What value C Ohms would you like for the fixed 
resistors 7. ,R1:IF R1<.0 THEN 270 
280 IF Rl<2000 THEN RSW1.11PRINT "This resistor value will put 
a severe load on the preceding amplifier..:INPUT "Are you sure 

you wish to continue [ V or N ] 7. ,ANSSiELSE 330 
290 IF ( ANSe..Y . OR ANSS."y")THEN 330 ELSE 270 
300 INPUT "What value C microFarads ] would you like for the 
fixed capacitors 7. ,C1tIF Cl<.0 THEN 300 
310 IF Cl<.0002 THEN CSW1.11PRINT .This is a very low value of 
capacitance.":PRINT "Careful allowance will have to be made for 

stray capacitance.": INPUT "Are you sure you wish to continue 

using this valu. [ V or N ] 7. , ANSS: 
ELSE Cl.C1/1000000!:GOTO 330 
320 IF (ANS$."Y" OR ANS$..y . )THEN CI.C1Y1000000!: 
BOTO 330 ELSE 300 
330 IF ODD-0 THEN FINISH.N/2 ELSE FINISH-( 4,1)/2 
340 FOR I.1 TO FINISH, IF I.(N4.1)/2 THEN 0(I)..5:F(I). 
EsFC/NF:GOTO 370 
350 S(1).EsSIN((21.1-1).ANGLE):I0(1). 
FNCOSH(A1)*COS((2eI-1).ANGLE)10(1). 
SORIS(1).S(I)+IO(I).10(1)):T(1).ATNII0(1)/S(I)) 
360 0(1).1/2/COS(T(I)):F(I).FC*0(I)/NF:Cl(I).2eGUI/O(I): 
C2(1).C1(1)/4/0(I)/0(1) 
370 IF X.2 THEN F(I).FC.FC/F(1) 
380 NEXT I:IF ODD.0 THEN START.I:FINISH.N/2:80TO 450 

390 K.(N-1)/2:C0.1/E/0(10/000:80.00e(2eS(K).E): 
AO.00eCO(K)*0(10.21:S(K)wE) 
400 D0.44C0-2.A0e8111:P0.(4.A0eC0.31030.130)/DO: 

00.-12.B0eCO/D0:80.12.00eCO/D0 
410 AN.(3400-P0eP0)/9:BN.(PO4(9.00-21:P0eP0)/27-R0)/2: 
ROOT.SOR(BNeEtNrANeANeAN) 
420 CC.BN-ROOT:SIGN.1:1F CC<0 THEN CC.-CC:SIGN.-1 
430 C(1).18N,ROOT)^(1/3).SIGN.CC^(1/3)P0/3: 
C(3).2eC(1).00/(1301:C(1)-2*C0)1C(2).CO/C(1)/C(3) 
440 START.2:FINISH.(N-1)/2 
450 PRINT:ON X BOTO 460,570 
460 IF ODD.0 THEN 520 
470 1.1:CP.CCI)/R1/WO:GOSUB 740:F.F(FINISH):GOSUB 840: 
IF CP<2E-10 THEN CSW.1 
480 PRINT USING .\ \M\\808. 
Mee\ \\ \ffli.411,41\ \\ \ 1111.4141 .:AIS,I, 

44$,S,A50,48$,SF,87$,A9$,O(FINISH) 
490 CP.C(2)/R1/140: GOSUB 740 : PRINT USING .\ \*\\ 414141. 
MINI\ \.:A2S,I,A4S,S,A5f:IF CP(2E-10 THEN CSW.1 
500 CP-C(3)/RI/WO: GOSUB 740:F=F(FINISH, 1):GOSUB 840: 

IF CP<2E-10 THEN CSW.1 
510 PRINT USING "\ \*\\114141. 
16114\ \\ \444.444\ \\ \4 .4. : 
43$,I,A4f,S,A5S,A10$,SF,A7f,A9*,.5:PRINT 
520 FOR I.START TO FINISH 
530 CP.C1CFINISH.1-I)/R1/WO:GOSUB 740,F.F(FINISH.1-1):GOSUB 840: 

IF CP<2E-10 THEN CSW.1 
540 PRINT USING .\ \4\\INHI. 

11M0\ \\ \444.44M\ \\ \*4.44";A14,1, 
A44,S,A5$,A84,SF,A7S,A94,0(FINISH.1-I) 
550 CP.C2(FINISH*1-1)/RI/WO: GOSUB 740 : PRINT USING .\ \N\\MIHI. 
Mee\ \.:A2S,I,A4S,S,A5S:PRINT:IF CP<2E-10 THEN CSW.1 
560 NEXT 1:GOTO 700 
570 FOR 1.1 TO FINISH:R1(1).1/C1(1):R2(1).1/C2C1): NEXT I 
580 IF 000.0 THEN 650 
590 R(1).1/C:1)1R(2).1/C(2):R(3).1/C(3) 
600 I.1:CP.R(1)/C1/W0MGOSUB 800:F.F(FINISH):GOSUB 840: 
IF CP<2000 THEN RS14=1 
610 PRINT USING .\ \41\\MMILIIMM\ 
SHIM\ \\ \MM.M$1 . 01$,I,A4t,S,A6S,A8S,SF,A7S,A9S,O(FINISH).. 

620 CP.R(2)/C1/WO:GOSUB 800:PRINT USING "\ \M\\MM11.001:\ * 
B2.4,1,44$,S,A6$:IF CP<2000 THEN RSW.1, 
630 CP.RC3)/C1/WO:GOSUB 800:F.F(FINISH.1):GOSUB 840: 
IF CP<2000 THEN RSW=1 
640 PRINT USING .\ \M\\11414. 
Mee\ \\ \M4141.4111M\ \\ \N.M .:834,1, 
A4$,S,A6$,A10$,SF,A7S,A9S,.5:PRINT 
650 FOR I.START TO FINISH 
660 CF.R1(FINISH+1-1)/C1/WO:GOSUB 800:F=F(FINISH,1-1):GOSUB 840: 
IF CP(20B0 THEN ROW- 1 
670 PRINT USING "\ \M\\10141.11114:\ 
Nee\ \\ \1141.101";BIS,I,A4S,S,A6S,A8f,SF,A7S,A91412)FINISH.1-I) 
680 CP.R2(FINISH.1-1)/C1/WO: GOSUB 800 : PRINT USING .\ \8\\8401. 
NMI\ \ .:132*.I,A4S,S,A6$:PRINT:IF CP<2000 THEN RSW.1 
690 NEXT 1 
700 PRINT:IF (:CSW1.1 AND RSW.1) OR ( CSW=1 AND RSW1.1))THEN BBO 
710 IF COW- 1 THEN PRINT "Some of the capacitors are less than 
200 pF..:PRINT "Allowance will have to be made for stray 
capacitance..:PRINT " It may be better to rerun the programme 
with a lower value for the resistors..:GOTO 890 
720 IF RSW.1 THEN PRINT " Some of the resistors are less than 
2 kOhms..:PRINT "This puts a severe load on the preceding 
amplifiers..sPRINT " It may be better to rerun the programme 
with a lower value for the capacitors..,GOTO 890 
730 BOTO 898 
740 IF CP>1 THEN S.CP:A5S= . Farads . SOTO 790 
750 IF CP>.001 THEN S.CP.1000:A5f." milliFarads ": GOTO 790 
760 IF CP>.000001 THEN S.CPs1000000!:A54.. MicroFarads 
SOTO 790 
770 IF CP>1E-09 THEN S.CP41E,09:A5S.. nanoFarads .:GOTO 790 
780 S.CPelE.121A5*." picaFarads 
790 RETURN 
BOO IF CP>1000000! THEN S.CP/1000000!: 
A6f.. MOhms " BOTO 830 
810 IF CP>1000 THEN S.CP/1000:A6S." kOhms .:GOTO 830 
820 S.CP:A6S.. Ohms . 
830 RETURN 
840 IF F>1000000! THEN SF.F/1000000!:A7S= . MH..:GOTO 870 
850 IF F>1000 THEN SF-F/1000:A7S . kHz": BOTO 870 
860 SF=F:A7S.. H. . 
870 RETURN 
880 PRINT .The resistor & capacitor values are both too low to 
be practical...PRINT " If all else fails you could use an LC filter." 
890 END 
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Figure 3.12. Circuit of Chebychev HP rumble filter, Fc = 15 Hz, 
ripple - 0.25 dB, 60 dB attenuation at 7.5 Hz, order = 7. 
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ALL CAPACITORS 220n = 3/4 LF347 

music. 
Since the rumble is introduced with the signal, it is subject 

to the full bass boost of the RIAA compensation built into the 
preamplifier. This often leads to overloading and the genera-
tion of beat frequencies that were definitely not in the origi-
nal music. So the rumble filter has to be as close to the input 

of the preamplifier as possible, certainly before the low fre-
quency part of the RIAA compensation. 

Figure 3.12 show the design of a suitable Chebychev rum-
ble filter. It has a cutoff frequency of 15 Hz, an allowable pass 
band ripple of 0.25 dB, and attenuates frequencies of 7.5 Hz 
by 60 dB or more. Most tonearms have a resonance around 

Figure 3.13. GWBASIC program to calculate the attenuation, 
phase shift, and time delay of Chebychev fitters. 

GWBASIC program to calculate the attenuation, phase shift 
and time delay of Chebychev filters. 

Line 50 sets up the expressions for the display. 

Line 60 defines the hyperbolic trigonometric functions and 
their inverses needed in the calculations. 

Lines 130-170 contain traps against hitting incorrect keys. 

Line 180 calculates constants needed later. NF converts the 
ripple cutoff frequency to the 3 dB cutoff. 

10 PRINT . Calculation of" 

20 PRINT . attenuation, phase shift, & delay of" 
30 PRINT . Chebychev filters." 

40 PRINT " Copyright Aquila Holdings Pty Ltd 1987":PRINT 

50 BS." dB":1)$." degrees":P1.3.14159265441LGE=. 43429448111 
60 DEF FNSINH(X)=(EXP(X)-EXP( - X)//2:DEF FNASINH(X]= 

LOG(X.SOR(X.X.1)):DEF FNCOSH(X)=(EXP(X).EXP( - X))/2: 

DEF FNACOSH(X)=LOG(X.SOR(X.X - 1)): 

DEF FNACS(X)=PI/2-ATN(X/SOR(1 - X.X)) 

70 PRINT " Would you like the properties of :" 

80 PRINT " 1. a low pass filter ?" 
90 PRINT " 2. a high pass filter 7 " 

100 PRINT " 3. a band pass filter 7" 
110 PRINT " 4. a band reject filter ?" 

120 INPUT " Please enter the appropriate integer.",X 

130 IF ( X<1 OR X>4)THEN 70 
140 INPUT "What is the order of the filter ?", N:IF((X=3 OR 0.4) 

AND N MOD 2<>0)THEN PRINT .The order of BP & BR filters must 

be even. ": 6070 140 

150 IF N<2 THEN PRINT " I cannot compute an order less than 

GOTO 140 ELSE ANGLE=PI/2/N 
160 INPUT .What is the allowable ripple C dB ] in the 

passband ?", RIPL:IF RIPL<.0 THEN 160 
170 IF RIPL>6 THEN PRINT " That ripple is ridiculous.":601.0 160 

180 ER=10^(.1.RIPL)-1:EP=SOR(ER):A1=FNASINH( 1/EP)/N:ES. 

FNSINH(A1):EC=FNCOSH(A1):NF=FNCOSH(FNACOSH (1 /EP )/N ) 
190 IF(X=3 OR X=4)THEN N=N/2:GOTO 220 

200 INPUT " What is the cutoff frequency C H. ] of the filter 

FC:IF FC<0 THEN 200 
210 GOTO 250 
220 INPUT .What is the centre frequency C Hz ] of the filter 7 ", 

FC:IF FC<0 THEN 220 
230 INPUT "What is the bandwidth I Hz ] of the filter ?", BW: 

IF BW<0 THEN 230 
240 BW.BW/NF:FU.(13W,SOR(BW.BW.4.FC.FC/I/21FL. FU- BW: 
IF FL<=0 THEN PRINT .That bandwidth is too large for that centre 

frequency !" GOTO 220 
250 INPUT " At what frequency I H. ] would you like to start the 

calculation 7 ",FSTART:IF FSTART<=0 THEN 250 

260 INPUT " At what frequency C Hz ] would you like to stop the 

Line 240 calculates the upper and lower cutoff frequencies. 

Line 290 allows for the starting frequency being higher than 
the stopping frequency. 

Lines 330-410 calculate the attenuation in the passband and 
stopband. 

Lines 420-440 calculate the phase and delay. 

Lines 470-510 and 520-550 are subroutines to put the values 
of the frequency and delay in convenient units. 

calculation ^", FSTOP:IF FSTOP<=0 THEN 260 

270 INPUT " What frequency step C Hz ] would you like to use 

FSTEP:IF FSTEP<.0 THEN 270 
280 IF FSTEP>ABS(FSTOP-FSTART1THEN PRINT " That frequency step is 

too large. ":GOTO 250 

290 IF FSTOP<FSTART THEN FSTEP=-ABS(FSTEP) 
300 PRINT " Frequency Atten Phase shift Time delay" 

310 FOR F.FSTART TO FSTOP STEP FSTEP:T=0:P=0 

320 ON X GOTO 330,340,350,350 

330 FU.FC/NF:FL.0:Z.F/FU:GOTO 380 

340 FL.NF.FC:FLI.lEf30:Z.FL/F:GOTO 390 

350 IF(X.4 AND ABS(F-FC)<.0001eFC)THEN A.999:6070 420 
360 IF F(FC THEN Z=FC.F.C/F-F ELSE Z.F-FC.FC/F 

370 IF X.3 THEN Z.Z/BW:GOTO 400 ELSE Z.BW/Z:GOTO 410 
380 IF F<FU THEN A.10.LGE.LOG(1+ER.(COS(N.FNACS(2)::^2):GOTO 420 

ELSE A.10.LGE.LOG(I.ER.(FNCOSH(NeFNACOSH(Z))) -'2):GOTO 420 

390 IF F>FL THEN A.10eLGEeLOG(1.ER.(COS(NeFNACS(2):) ^2):GOTO 420 

ELSE A.10eLGEeLOG(1 ,ER.(FNCOSH(N.FNACOSH(2))) ^ 2):GOTO 420 

400 IF ) F>-FL AND F<=FLMTHEN A=10eLGE.LOG(1+ER. 
(COS(NeFNACS(Z)/(^2):GOTO 420 ELSE A=10•LGE.LOG 

(1.ER.1FNCOSH(NeFNACOSH(Z)))^2):GOTO 420 

410 IF ( F<.FL OR F>.FU)THEN A.10.LGE*LOG 

(1.ER.(COS(NeFNACS(2),)^2]:GOTO 420 ELSE A= 

10eLGEeLOG(1.ERe(FNCOSH(NeFNACOSH(Z))) ^2) 

420 FACTOR.(1.FUeFL/F/F)/2/Pl/(FU-FL):OMEGA. 

(F-FU*FL/F)/(FU-FL):AOMEGA.ABSCOMEGA) 
430 FOR I.1 TO N:THETA.(24:1-1).ANGLEIS= 

ES.SIN(THETA):W=EC.COS(THETA) 
440 T.T.ABS(S)/(SeS.(AOMEGA-W)^2):P=P-ATN(COMEGA- W(/( - S/): 

NEXT I:T.T.FACTOR:P.P4:180/PI:GOSUB 470:GOSUB 520 

450 PRINT USING" IMMI.MIMI\ \ IMMI.11\ \ ** Mee. 
\ M.N.\ \"; FF,H$,A,BS,P,D$,G,F$ 

460 NEXT F: GOTO 560 

470 IF T>1 THEN G.T:Ff." sec" :GOTO 510 

480 IF 7/.001 THEN G.T*1000:FS=" msec":GOTO 550 
490 IF T>.000001 THEN 6=T01000000' : FS= usec":GOTO 510 

500 G.T.1E, 09:Ff." nsec" 
510 RETURN 
520 IF F>.1000000! THEN FF=F/1000000 ,:Hf." MHz":GOTO 550 

530 IF F>.1000 THEN FF.F/1000:11$= . kHz . :GOTO 550 

540 FF.F:HS=" Hz " 

550 RETURN 
560 END 
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this frequency so this design should be of general use. You 
can use the program of Figure 3.11 to tailor such a filter to the 
needs of your particular tonearm-turntable combination. 

Capacitor values of 220n (0.22 uF) were chosen as a reason-
able compromise and this gives an acceptable set of values 
for the resistors. Also, the maximum Q is only 7.47, so we 
would not expect to have any difficulty with component 
drift. The entire filter can be built using one IC of the 47 
series, e.g: LF347, TL047 etc., or, if you prefer, two of the 
LF353 type. For stereo you would need two such filters. 

Since FET IC amplifiers generate too much noise to be used 
at the input of a high quality pickup preamplifier, it is essen-
tial that the filter be preceded by a good low noise IC such as 
an OP37A or, better still, a discrete low noise design similar 
to David Tilbrook's 6000 Series Ultra-fidelity Preamplifier. 
The gain would need to be 5 or more to mask the FET noise, 
but not more that about 15 so as not to amplify the rumble too 
much and risk overloading the filter. 

Phase shift and delay 
The phase shift and time delay of Chebychev filters are not 
the smooth functions of frequency that we saw with Butter-
worth filters. This is because of the effective overcoupling of 
the circuits in Chebychev filters. The GWBASIC program of 
Figure 3.13 calculates the attenuation, phase shift and time 
delay of Chebychev filters in each of the four standard forms. 
When you run the program you will find that the ripples in 
the attenuation in the generate corresponding ripples in the 
phase shift and the delay. Large passband ripples generate 
correspondingly large ripples in the phase shift and delay. 
Because of the higher Qs in the Chebychev filters, the 

actual value of the time delay is larger than for a Butterworth 
filter of the same order, particularly near the cutoff fre-
quency. This is why the cutoff frequency for Chebychev fil-
ters is usually chosen to be somewhat higher for LP filters, 
and lower for HP filters than would be the case for Butter-
worth filters. 

Because of their sharp cutoff, Chebychev filters are used in 
some high quality cassette recorders to remove the bias fre-
quency from the audio parts of the circuit. Since the bias fre-
quency is 100 kHz or higher in these recorders, the cutoff fre-
quency can be set to 30 or even 40 kHz so that the phase shift 
and time delay of the filter have negligible effects on the 
audio range of frequencies but the filter can still achieve con-
siderable attenuation at 100 kHz and higher. 

Qualities of Chebychev filters 
The good things about Chebychev filters are: 

• Steeper slope in the stopband than Butterworth filters, par-
ticularly near cutoff. 

• Can have flatter (but not smoother) response in the 
passband. 

• Steepness of cutoff can be traded against passband ripple. 

• Fewer sections needed for a given stopband attenuation 
and therefore 

• Cheaper. 

• Easy to tune. 

The not so good things are: 

• Passband response not as smooth as Butterworth filter. 

• Greater phase shift and time delay. 

• Ripples in the phase shift and time delay. 

• Higher Qs needed and therefore 

• Greater sensitivity to drift in component values. 

THE PROGRAMS PROGRAMS published in the first three parts of this 
series, plus the programs for obtaining non-standard 
resistors and capacitors from standard values (pub-
lished in November 87) are available on 5.25" disk (MS-
DOS) ready to run on an IBM PC or compatible, for just 
$29.95, post paid. Send your order to: AEM Software Ser-
vice, PO Box 507, Wahroonga 2076 NSW. 

- Marine Electronics, from page 15. 

The sophistication of current AM and FM car stereo receiv-
ers easily handles the difficulties of reception in out of the 

ONBOARD 240 VOLTS AC 

Vessels not fitted with a diesel powered 240 volt generator have 
been deprived, until recently, of the ability to operate low power con-
suming appliances. 
The Australian made solid state inverter (Cat. No. K6754), mar-

keted by Altronics of Perth, (tollfree 008 999007 with outlets in all 
states), provides 230 volts ac from a 12 volt battery source. This 
device will supply up to 250 watts of ac power, sufficient to operate a 
range of small hand tools. 
The Altronics inverter has been successfully tested in supplying 

the ac for operation of a 240 volt TV set and video recorder. The pic-
ture was quite stable and the sound was clear and free from hum. 
The 12 volt current drain during the test was approximately eight 
amps. The inverter retails for about $350. 

For those boat owners who already have a 12 volt TV set onboard, 
a 12 volt video cassette player has recently been released by Zam-
mit Enterprises of Sydney (02-331 7689), retailing for $399. 

way bays and waterways, provided high ground does not 
create excessive shadow areas. But perhaps more valuable 
are the in-built cassette and compact disc decks which pro-
vide the desirable option of hearing your own music selec-
tions. 
The Sony company market an interesting compact disc 

deck able to hold up to ten compact discs, giving ten hours of 
non-stop playback with track pre-selection features. This sys-
tem allows the vibration and heat proof deck assembly to be 
mounted out of the way below deck, with only the slim con-
trol panel accessible to the user. An optional tuner unit gives 
off-air reception. 

Pioneer and several other manufacturers market 'quick 
release' radio cassette decks which are housed in a special 
cradle. This system allows the valuable deck to be removed 
easily when the vehicle is vacated. If a second optional quick 
release cradle is fitted in your boat, wired to 12 Volts, speak-
ers and a suitable antenna, your car audio system can do dou-
ble duty, with far less chance of being stolen in either loca-
tion. 

In conclusion 
Clearly, there's a wealth of electronics equipment to suit the 
many and diverse marine applications. If none of what's been 
described in these articles can help improve your pleasure 
and safety, then you've either " got it all" already, or you just 
need a bigger budget! 44._ 
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The Last Laugh 
"1111111, ,-

1411"'" 

I'm so excited you like 
our digital handshake 
test set! 

e edit:* 

IT'S "THE SILLY SEASON"! That time 
of year when people go silly with their 
plastic money, television stations go 
silly with their programs, certain ser-
vice industries are plagued by silly 
strikes, politicians make silly state-
ments and things get generally out of 
hand. 
The great stock market crash of '87 

came and went on Black Tuesday (Mon-
day in New York), and the value wiped 
from shares around the world was mea-
sured in trillions of dollars. 

Trillions of dollars. Think about it for 
a moment. Forget the money — us mere 
mortals will never see an amount 
approaching even a tenth of it. How big a 
number is that? It seems to depend on 
cultural factors — whether you're Ameri-
can, or not American. A million is "ten 
to the sixth", one with six noughts 
behind it. A billion in US terms is (we 
think), a thousand million, or ten to the 
ninth. But it seems the derivation of the 
word elsewhere stems from a million-

This month's picture comes courtesy of 
Rhode & Schwarz who recently won an 
order from the Australian Army to 
supply 67 units of their new RF test set. A 
representative from Rhode & Schwarz 
sealed the deal with a top wallah from 
the Army with a handshake. We couldn't 
help but muse on the conversation. 

million, a "bi"-million, hence "billion". 
Or ten to the twelfth. 

So. How much is a trillion? It might be 
a thousand-thousand million, or a mill-
ion-million million. Is it ten to the 
twelfth or ten to the eighteenth? 
OK. Enough pondering about money. 

Too much of that and you'll go silly. Let 
us cast about.for other quantities and 
measurements to ponder — just as an 
intellectual pursuit to avoid the 
insanities of the silly season. Better still, 
why not have a contest?! 
Here are a few questions to exercise 

your intellect over the silly season, and 
keep you entertained for hours in 

research, argument and discussion with 
colleagues. We'll give the winner a copy 
of the fascinating and magnificently 
illustrated Kevin Weldon book "Silicon 
Valley High Tech — a window to the 
future" (reviewed in our August '86 
issue — just the thing for your coffee 
table/study/shack) and a Dick Smith 
Electronics Q-1512 handheld digital 
multimeter for the most interesting/eru-
dite/amusing answers to the following 
questions: 

Q1. How large is a " poofteenth"? 

Q2. How long is a "femtofortnight"? 

Q3. What is infinitely shorter than a 
nanometre? 

Q4. Would you have time for a beer on an 
"atto-arvo"? 

Q5. How long does a "teratwilight" last? 

Send your entries: to AEM Silly Season 
Competition, PO Box 507, Wahroonga 
2076 NSW, by last mail December 31, 
1988. 
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You'll find something to interest you every month in Australian 
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The magazine is sectioned" into categories for easy reading and 
easy reference, each section headed by its own news column. 
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